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OF 

THE  AMERICAN  SOCIETY  OF 
MECHANICAL  ENGINEERS 

Volume  40  — 1918 

THIS  volume  comprises  a  record  of  the  proceedings  of  The  Ameri- 
can Society  of  Mechanical  Engmeers  for  the  year  1918,  and  in 
it  will  be  found  papers  and  addresses  givea  at  the  Spring  and 
Annual  Meetings  of  the  Society,  discussion  thereon,  the  extended 
symposium  on  The  Economical  Use  of  Fuel  presented  at  the  Spring 
Meeting,  and  also  a  number  of  papers  contributed  by  the  Local 
Sections. 

In  selecting  the  material  published  in  the  present  volume,  the 
intention  has  been  to  include  all  of  the  papers  possessing  permanent 
reference  value.  A  number  dealing  more  particularly  with  industrial 
and  economic  matters  connected  with  war  activities  and  whose  in- 
terest and  value  depended  to  a  great  extent  upon  the  timeliness  of 
their  presentation,  have  been  omitted.  These,  however,  are  listed 
in  the  index,  where  reference  is  made  to  the  issues  of  The  Journal 
in  which  they  appeared  and  in  which  published  form  they  are  avail- 
able for  consultation. 

CHARLES   THOMAS   MAIN 

Charles  Thomas  Main  was  bom  in  Marblehead,  Mass.,  on  Feb- 
ruary 16,  1856.  He  attended  the  public  schools  in  that  town  and 
was  graduated  from  the  Massachusetts  Institute  of  Technology  in 
the  class  of  1876  with  the  degree  of  S.B.  in  the  department  of 
mechanical  engineering. 

He  remained  at  the  Institute  as  an  assistant  in  the  department 
of  mechanical  engineering  for  three  years  after  graduation. 

In  the  fall  of  1879  he  went  to  Manchester  Mills,  Manchester, 

N.  H.,  as  draftsman.    From  there,  on  January  1,  1881,  he  went  to 

Lawrence,  Mass.,  as  engineer  for  the  Lower  Pacific  Mills.     In  March 
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1H80  he  wiiH  inado  aMHistiint  HU|)orinton(lent  of  ilio  iiiill,  and  ai>out  a' 
yoar  later  8U|MTinten(lont«  \\\\\v\\  pDnition  \w  held  until  1802,  mean- 
while alHo  giving  Iuh  attention  to  the  engintM>ring  work.  During 
tluH  i>eriod  of  eleven  ye^irn  he  had  ehargt*  of  the  r(H>rganixation  and 
the  rebuilding  of  a  large  portion  of  the  plant,  and  for  something  over 
live  years  8U|HTvi»ion  of  its  o{x>ration. 

AI)Out  this  time  Mr.  Main  dooideil  that  he  preferred  to  follow 
engineering  rather  timn  administrativo  work  and  resigmnl  liis  offieo 
at  the  Paeifie  Mills.  After  one  year  in  Provideneo,  R.  I.,  8|)cnt  in 
engineering  and  mill  work,  he  forme<l  an  association  with  Mr.  F.  W. 
Dean  and  conducted  a  busineHs  \mder  the  name  of  Dean  &  Main, 
devoted  largely  in  the  early  days  to  textile-mill  work,  but  gradually 
broadening  so  as  to  include  other  industrial  plants.  This  associa- 
tion existed  from  January  ISlKi  to  January  HK)7,  when  it  was 
dissolved.  Since  that  time  he  has  conducted  an  engineering  busi- 
ness under  the  name  of  Cluis.  T.  Main. 

During  the  period  from  ISlKi  to  the  present  time  a  large  numl)er 
of  industrial  plants  have  lH)en  designed  and  constructinl  under  his 
direction  and  many  others  nHirganiscHl,  the  steam  engineering  for 
industrial  plants  developing  into  steam-|>ower-plant  work,  and  the 
water-|K)wer  work  into  liydr(H»lectric  developments. 

Among  the  largest  undertakings  in  the  industrial  plants  are 
the  \V(M)d  Worsteil  and  Ayer  Mills  in  I^iwn»n(H\  Mtiss.,  and  in 
hydrcHilectric  work  four  developments  for  the  Montana  Power  Com- 
pany, aggregating  aUnit  2r>(),(KK)  hp. 

He  has  acte<l  as  consulting  engincH^r  on  many  projects  and  aa 
ex|H'rt  witness  or  n'fertM.^  in  numy  important  cases  and  has  placnnl 
valuations  on  nutny  industrial  plants  for  various  pur|K)ses. 

He  wjis  elected  to  memU^rship  in  The  American  Soi*ioty  of 
Mechanical  Engineers  in  1X85  and  was  a  numager  from  1014  to 
1017.  He  is  also  a  mendH»r  of  the  An\erican  Society  of  Civil  En- 
gineers, the  American  Institute  of  Consulting  KngincH)rs,  the  Host  on 
Society  of  Civil  Knginm^rs  (iwst-pnvident),  luul  of  other  technical 
societies;  is  president  of  the  KnginiH^rs*  Club  in  Boston,  and  is 
a  life  memln^r  of  the  Cor|M)ration  of  the  Massachusetts  Institute  of 
Tcchnologx*. 

lie  has  written  several  pa|H'rs  on  engineering  subjeeta,  some  of 
which  have  Ikh^u  prescMited  at  mtvtings  of  the  Society. 

Mr.  Main  has  been  interestcMl  for  many  years  in  public  afTaim  and 
has  served  in  several  nmnicipal  oflices  for  the  pur|)ose  of  lulvancinK 
the  idea  of  gooil  government  and  doing  his  shan*  of  public  work. 


No.  1635 

MEETING^  JANUARY-JUNE 

MEETINGS  OF  SECTIONS 

IC^IGHTY-TWO  meetings  were  held  by  the  twenty  organized 
'^  Sections  of  the  Society  and  the  Providence  Blngineering  Soci- 
ety, an  affiliated  body,  during  the  first  six  months  of  the  year. 
Tw«ity-two  of  these  meetings  were  arranged  jointly  with  one  or 
more  local  technical  organisations  or  branches  of  other  national 
oiginemng  societies  in  fifteen  different  centers.  President  Main 
and  Secretary  Rice  visited  seven  of  the  Sections,  and  addressed 
meetings  on  various  dates.  A  number  of  the  papers  of  more  general 
interest  which  were  presented  at  these  meetings  were  published  in 
Ths  Journal  during  1918. 

ATLANTA 

Fdfruary  12:  Chairman  Oscar  Elsas  gave  a  report  of  the  Con- 
ference of  Sections  del^ates  at  the  Annual  Meeting  of  the  Society. 

.4pri7  9:  Address  on  The  Effect  Upon  Fuel  Economy  of  Different 
Arrangements  of  Baffles  in  Boiler  Tubes,  W.  G.  E:\ger.  Abstnvct 
published  in  The  Journal,  September  1918. 

BALTIMORE 

January  10:  Joint  meeting  with  the  Engineers'  Club  and  the 
various  associations  of  stationary-  engineers,  to  discuss  the  subject 
of  Fuel  Saving.  Charles  H.  Bromley  delivered  the  main  address 
on  How  to  Get  the  Most  Out  of  Co:il. 

January  29:  Heim*  Adams  pre^^enteil  a  i\»\i>er  on  Some  Engineer- 
ing Experiences. 

March  12:  Subject:  Camiing  of  Foods.  Pa[>ers  by  J.  H.  Shmder 
on  Economies  in  Manufacturing  in  the  Canning  Industry',  pub- 
lished in  The  Journal,  August  191S;  by  Julian  C.  Smalhvood  on 
Investigation  of  the  Uses  of  Steam  in  the  Canning  Industry,  pulv 
lished  in  this  volume  of  Traxsactions  and  in  The  Jourxal,  May 
1918;  and  by  J.  C.  Taliaferro  on  The  Filling  and  Closing  of  the 
Modern  Can. 
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May  22:  Election  of  officers.  Address,  illustrated  by  lantern 
slides,  on  Hog  Island,  the  Greatest  Shipyard  in  the  World,  by  W.  H. 
Blood,  Jr. 

BIRMINGHAM 

February  22:  Joint  meeting  with  Alabama  Technical  Society, 
at  which  C.  B.  Davis  delivered  a  paper  on  Fuel  Conservation  and 
Increased  Production. 

March  21 :  J.  A.  Simit  gave  a  talk  on  Water  and  Fuel  Ek^uipment, 
Warrior  River  Reserve  Station. 

AprU  25:  Paper  on  The  Gas-Producing  Plant  of  the  American 
Cast-Iron  Pipe  Company,  by  J.  W.  Moore. 

May  16:  Addresses  by  Chairman  J.  H.  Klinck  on  achievements 
of  the  Section  during  the  past  year;  Major  F.  H.  Wagner,  O.O.R.C, 
U.S.A.,  on  some  of  the  problems  in  connection  with  the  fixation  of 
nitrogen;  Secretary  Calvin  W.  Rice  on  various  timely  topics. 

BOSTON 

January  22:  Receptionnsmoker  tendered  to  President  Charles  T. 
Main,  preceded  by  a  dinner.  Short  addresses  by  Professor  Whipple, 
John  R.  Freeman,  Desmond  Fitzgerald,  Lionel  S.  Marks,  Dugald 
C.  Jackson,  H.  S.  Hale,  Calvin  W.  Rice  and  W.  H.  Balch. 

February  5:  Joint  meeting  with  Boston  Section,  American  Insti- 
tute of  Electrical  Engineers.  Paper  on  The  Modem  Trend  of 
Education,  Walter  I.  SUchter. 

March  16:  Address  on  Man  Power,  J.  Parke  Chanmng.  Abstract 
published  in  The  Journal,  June  1918. 

AprU  30:  Joint  meeting  with  Boston  Society  of  Civil  Engineers 
and  the  American  Institute  of  Electrical  Engineers.  Illustrated 
address  on  Hog  Island,  W.  H.  Blood,  Jr.;  address  by  Alfred  D. 
Flinn,  Secretary  of  the  Engineering  Council,  on  the  progress  and 
aims  of  the  Engineering  Council;  short  addresses  on  subjects  of  the 
day  by  Major-General  H.  F.  Hodges,  in  conmiand  of  Camp  Devens^ 
and  Mayor  Andrew  J.  Peters,  of  Boston.  Motion  pictures  were 
shown  by  H.  O.  Westendarp  illustrating  the  adaptability  of  a  new 
rudder  he  had  perfected. 

May  29:  Annual  meeting  at  which  officers  were  electa  for  en- 
suing year.  Addresses  by  President  Charles  T.  Main  and  Past- 
President  Ira  N.  Hollis;  Dr.  Charles  H.  Eaton  deUvered  an  address 
on  America  at  the  Gateway  of  Destiny. 
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BUPPALO 

January  9:  L.  C.  Loewenstein  gave  a  paper  on  The  Widening 
Field  of  the  Steam  Turbine  as  a  Prime  Mover. 

February  6:  Meeting  of  Buffalo  Engineering  Society  and  Buffalo 
Section  of  the  Society  of  Automotive  Engineers.  Paper  on  Electric 
Storage  Batteries,  C.  C.  Carpenter. 

February  13:  Illustrated  lecture  on  The  Development  of  Con- 
crete Barge  and  Ship  Construction,  J.  E.  Freeman.  Abstract  pub- 
lished in  The  Journal,  April  1918. 

February  20:  Discussion  of  Manual  and  Technical  Training, 
F.  E.  Cardullo. 

March  13:  Address  by  J.  A.  Johnson  on  The  Hydroelectric 
Power  Problem. 

March  27:  Dexter  S.  Kimball  delivered  a  lecture  on  Water 
Powers  of  the  Pacific  Coast,  illustrated  with  lantern  slides. 

April  3:  Illustrated  lecture:  The  Manufacture  of  Wrought-Iron 
Pipe,  N.  Boland. 

April  10:  The  Recent  Development  of  Propelling  Machinery  for 
War  and  Merchant  Ships,  Eskil  Berg. 

April  24:  Lecture  on  Ball  Bearings,  Their  Design,  Manufacture 
and  Application,  S.  W.  Gumey. 

May  1:  Reports  of  oflScers  and  committees,  and  election  of 
officers  for  coming  year. 

CHICAGO 

March  1:  Subject:  The  Coal  Situation.  Discussed  by  Joseph 
Harrington  and  H!  H.  Stock. 

April  22:  Joint  meeting  with  Chicago  Section  of  American  In- 
stitute of  Electrical  Engineers  and  Mechanical  and  Electrical  Sec- 
tions of  the  Western  Society  of  Engineers.  Paper:  The  Automobile 
Plant,  by  C.  F.  Kettering. 

May  2^:  Lecture  on  The  Mayfair  Pumping  Station,  John  E. 
Ericson. 

June  17:  Joint  meeting  with  Western  Society  of  Engineers  and 
Chicago  Section  of  American  Institute  of  Electrical  Engineers. 
Paper:  Advantages  of  High  Pressure  and  Superheat  as  Affecting 
Steam-Plant  Efficiency,  Eskil  Berg.  Published  in  this  volume  of 
Transactions  and  in  The  Journal,  September  1918. 
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CINCINNATI 

March  21 :  Joint  meeting  with  Engineers'  Club  of  Cincinnati, 
afternoon  and  evening  sessions,  with  papers  on  Shop  Kinks,  Henry 
Ritter;  The  Economic  Use  of  Coal  by  Communities,  John  T.  Faig, 
illustrated  with  lantern  slides;  The  Training  of  Women  for  Industry, 
C.  U.  Carpenter. 

May  11 :  Address  by  Secretary  Calvin  W.  Rice  on  Various  Activi- 
ties of  the  A.S.M.E. 

CONNECTICUT  . 

Bridgeport  Branch 
April  24:  Spring  meeting,  with  afternoon  and  evening  sessions. 
Afternoon:  General  get-together  meeting.  Evening:  Patriotic  ad- 
dress by  Judge  Pullman;  other  addresses  by  Clinton  E.  Woods  on 
Factory  Accounting  as  a  Bill  for  Controlling  Production;  Harry  E. 
Harris  on  Facilitation  of  War  Production  by  Practicable  Manu- 
facturing Allowances;  and  Wm.  R.  Webster  on  Intelligent  Specifi- 
cations and  Inspection  as  a  Factor  in  Production  Increase. 

Hartford  Branch 

February  12:  Paper  on  the  Functioning  and  Production  of  Auto- 
matic Fire  Arms,  B.  M.  W.  Hanson,  assisted  by  Fred  T.  Moore, 
who  gave  a  talk  on  the  functioning  of  the  Vickers  gun. 

May  13:  Election  of  officers  for  ensuing  year,  followed  by  a  talk 
on  Submarines  by  P.  B.  Brill. 

Meriden  Branch 

January  17:  Coal  Conservation,  L.  P.  Breckenridge. 

February  14:  Illustrated  lecture  on  Fire  Protection  in  Manu- 
facturing Plants,  Charles  E.  Rigby.  Abstract  published  in  The 
Journal,  October  1918. 

April  19:  F.  ( -.  Bolton  gave  a  description  and  demonstration  of 
the  Browning  machine  rifle. 

May  17:  Election  of  officers  for  the  ensuing  year,  followed  by 
paper  on  The  Need  of  Systematic  Training  and  Instruction  of  Work- 
men in  the  Factories,  R.  W.  Millard. 

New  Haven  Branch 

April  16:  Paper  on  Internal-Combustion  Engines,  George  A. 
Orrok. 

May  10:  Election  of  officers  for  ensuing  year.  L.  P.  Brecken- 
ridge reported  on  the  plan  of  the  Fuel  Administration  to  inspect  all 
power  plants  of  the  countr>';  infornml  paper  on  the  Development 
of  the  Repeating  Rifle,  Edwin  Pugsley. 
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DETROIT 

January  25:  Joint  meeting  with  Detroit  Engineering  Society. 
Three-part  paper  presented  on  Complete  Description  and  Test  of  a 
Modem  Lake  Steamer:  Part  I,  Description  of  the  Hull,  H.  W. 
Millner;  Part  II,  Description  of  the  Machinery,  Geo.  B.  Tumbnll; 
and  Part  III,  Tests,  A.  G.  Mattison. 

May  3:  Annual  Meeting  held  jointly  with  the  Detroit  Elngineer- 
ing  Society.  Election  of  oflBcers,  followed  by  a  paper  on  Some 
Factors  in  Fuel  Economy  in  Boiler  Plants,  Robert  H.  Kuss.  Ab- 
stract published  in  this  volume  of  Transactions  and  in  The 
Journal,  October  1918. 

ERIE 

May  3:  Election  of  officers  for  ensuing  year,  followed  by  paper 
on  The  Conservation  of  Material,  James  Burke. 

INDIANAPOLIS 

January  25:  Joint  all-day  meeting  with  the  Indiana  Engineering 
Society  and  American  Institute  of  Electrical  Eiigineers'  Section. 
Morning  Session:  Concrete  Roads  vs.  Other  Types  of  Construction, 
W.  E.  Graves;  Discussion  on  Roads  and  Recent  Development  in 
Brick  Paving,  E.  B.  Smith;  Indiana  Market  Highways  in  War 
Time,  W.  S.  Moore;  History  of  an  Old  Bridge,  J.  S.  Spiker;  Water- 
Bound  Gravel  Roads,  Karl  L.  Hanson;  motion  pictures  showing 
construction  of  buildings  and  roads  at  the  cantonment  at  Camp 
Dodge,  la.,  presented  by  D.  C.  Franks.  Afternoon  Session:  Recent 
Development  in  Signaling  at  the  Front,  Colonel  Slaughter;  Financial 
Problems  of  the  UtiUty  in  War  Times,  J.  F.  Gilchrist;  illustrated 
lecture  on  Concrete  Ships  and  Barges,  J.  E.  Freeman;  Vocational 
and  Industrial  Education,  A.  S.  Hurrell.  Evening  Session:  Address 
on  The  Engineer  and  the  State  Council  of  Defense,  Will  H.  Hays; 
illustrated  lecture  on  The  King  of  the  Rail,  W.  S.  Culver. 

May  10:  Election  of  officers.  Secretary  Calvin  W.  Rice  gave  an 
address  on  the  Relation  of  the  National  Society  to  the  Section,  the 
relation  of  the  engineer  to  the  war,  and  ways  in  which  he  could  assist 
the  National  Fuel  Administrator  and  his  city  or  community.  The 
subject  of  Heat  Losses  in  Uncovered  Steam  Pipes  was  also  discussed. 

LOS   ANGELES 

February  7:  Illustrated  lecture:  The  Practical  Side  of  Portland 
Cement  Manufacture,  L.  D.  Gilbert. 
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MILWAUKEE 

January  16:  Illustrated  lecture  on  Electric  Locomotives  on  the 
C.  M.  and  St.  P.  Railway,  Walter  Alexander. 

Fdyraary  13:  Illustrated  addresses  on  Cold  Accumulators  and 
Their  Application  to  the  Refrigerating  Industry,  E.  S.  H.  Baars; 
and  on  the  Refrigerating  Equipments  at  the  United  States  Army 
Cantonments,  Alex  H.  Luedicke  and  Fred  Goes. 

March  13:  Under  auspices  of  American  Institute  of  Electrical 
Engineers'  Section,  Cyril  M.  Jansky  delivered  a  lecture  on  Science 
in  War. 

AjjtU  10:  Under  auspices  of  the  American  Society  of  Refriger- 
ating Engineers,  an  illustrated  address  was  delivered  by  Charles  L. 
Fortier  on  Automatic  Control  Apparatus  for  Temperature  Control 
in  General,  and  also  as  applied  to  the  refrigerating  industry. 

May  8:  Lecture:  The  White  Coals  of  Wisconsin,  N.  J.  Whelan 
and  V.  S.  Hillyer. 

June  12:  Illustrated  lecture  on  Products  of  Electric  Furnaces 
and  the  Cost  of  Their  Production,  H.  M.  St.  John. 

NEW   ORLEANS 

January  12:  Participation  in  a  smoker  held  in  connection  with 
annual  meeting  of  the  Louisiana  Engineering  Society. 

February  11:  Participation  in  meeting  of  Louisiana  Engineering 
Society.  Paper  on  Some  Notes  on  Wireless  Telegraphy,  P.  E. 
lichde. 

March  11:  Lecture:  The  New  Orleans  Industrial  Canal,  A.  M. 
Lockett. 

May  13:  Joint  meeting  with  Louisiana  Engineering  Society. 
Address  on  Britain  and  the  War  the  Last  Twelve  Months,  Hon. 
T.  F.  Carlisle,  British  Consul.  Secretary  Calvin  W.  Rice  delivered 
an  address  on  the  War  Activities  of  the  A.S.M.E.  and  the  Need  of 
C'Ooperation  Among  Engineering  Societies.  Followed  by  election  of 
officers. 

June  10:  Paper:  The  Present  Situation  as  Relating  to  the  In- 
troduction and  Use  of  Natural  Gas  in  New  Orleans,  Howard  Egleston. 

NEW   YORK 

January  8:  Paper:  Manufacturing  in  Relation  to  Banking,  Ite- 
search  and  Management,  Walter  Riiutcnstrauch.  Abstract  pub- 
lished in  The  Journal,  June^lOlS. 
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Fdruary  21:  Subject:  How  Non-Essential  Work  Might  be 
Turned  Toward  Winning  the  War.  Speakers:  Secretary  Calvin  W. 
Rice,  Frederick  W.  Keough,  William  Hamlin  Childs,  Sterling  H. 
Bunnell,  Horace  B.  Cheney,  President  Charles  T.  Main,  J.  H.  Haas, 
EMk  Oberg,  C.  R.  McMillen,  Frank  Mossberg,  P.  W.  Henry  and 
D.  D.  Jackson.  Detailed  report  published  in  The  Journal,  April 
1918. 

March  19:  Subject:  Terminal  Facilities;  discussed  by  A.  B. 
Pough,  B.  F.  Cresson,  Jr.,  W.  J.  Barney,  George  H.  Pride,  Ira  Place 
and  Charles  Whiting  Baker. 

April  9:  Joint  meeting  with  the  metropolitan  Student  Branches 
under  auspices  of  the  Student  Branches.  Brief  addresses  on  war, 
educational  and  engineering  topics  by  Messrs.  M.  H.  Avram,  Fred. 
R.  Low,  George  A.  Orrok,  Prof.  C.  P.  Bliss,  Charles  Whiting  Baker, 
Ira  N.  Hollis,  Lieut.  B.  F.  Hart  and  G.  Douglas  Wardrop. 

May  21:  Subject:  Labor  Turnover;  discussed  by  L.  D.  Burlin- 
game,  John  Calder,  Captain  Boyd  Fisher,  Dudley  R.  Kennedy, 
H.  E.  Miles,  J.  J.  Pearson,  H.  F.  J.  Porter,  Orrin  W.  Sanderson. 
Published  in  The  Joubnal,  September  1918. 

ONTABIO 

January  29:  Address  on  The  Influence  of  Munition  Manufacture 
and  Other  War  Work  on  Machine-Shop  Practice,  F.  B.  Ward. 

March  25:  Joint  meeting  of  technical  organizations.  Address 
by  Col.  David  Carnegie  on  Need  of  Training  the  Directors  and  Dis- 
tributors of  Production.  W.  E.  Segsworth  explained  the  gigantic  work 
undertaken  in  connection  with  the  Invalided  Soldiers'  Commission. 

April  18:  Heat  Treatment  of  Low-Carbon  Steels,  W.  M.  Wilkie. 
Published  in  Mechanical  Engineering,  March  1919. 

May  27:  Secretary  Calvin  W.  Rice  gave  an  address  on  the 
Activities  of  the  Society;  J.  H.  Billings  delivered  a  paper  on  the 
Strength  of  Cast  Iron  in  Bending  as  Affected  by  Variations  in  Cross- 
Section.    OflScers  elected  for  ensuing  year. 

PHILADELPHIA 

January  22:  Illustrated  lecture  on  the  War  on  Land  and  Sea, 
William  L.  Cathcart. 

February  2^:  The  Income  Tax  —  An  Engineer's  Analysis,  Carl 
G.  Barth.    Abstract  published  in  The  Journal,  October  1918. 

March  27:  Joint  meeting  with  Engineers'  Club  of  Philadelphia. 
Paper  on  Recent  Developments  in  Methods  of  Measurement,  Dr. 
S.  W.  Stratton. 
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April  23:  Dinner  meeting  with  addresses  by  D..  Robert  Yamall, 
W.  S.  Catell,  President  Charles  T.  Main,  Past-President  James 
Hartness,  C.  C.  Thomas,  S.  M.  Vauclain  and  W.  C.  L.  Eglin. 

May  28:  Manufacture  of  Ordnance  Forgings,  George  Satter- 
thwaite. 

PROVIDENCE 

January  2:  Illustrated  lecture:  The  Causes  of  Rot  in  Timber, 
Frederick  J.  Hoxie. 

January  15:  Paper  on  The  Development  of  the  Submarine, 
illustrated  by  slides,  by  Albert  Cook  Church. 

February  20:  Illustrated  lecture:  Water-Power  Development  in 
New  England,  Henry  I.  Harriman. 

March  4:1  Smoker  and  general  meeting.  Gov.  R.  Livingston 
Beekman  gave  an  account  of  his  experiences  at  the  battlefront. 

March  22:  Lecture  on  War  in  the  Air,  G.  Douglas  Wardrop; 
short  address  on  Methods  of  Cooperation  in  Meeting  Present  Emer- 
gencies, Secretary  Calvin  W.  Rice. 

April  9:  Paper  on  Bronze  and  Its  Uses,  W.  A.  Kennedy. 

April  30: « Joint  meeting  with  Rhode  Island  Section  of  the  Amer- 
ican Chemical  Society.  Illustrated  lecture  on  The  Manufacture  of 
Military  Primers,  Lieut.-Col.  Allerton  S.  Cushman,  Ord.  Dept., 
U.S.N  .A. 

ST.   LOUIS 

January  16:  Joint  meeting  with  Associated  Engineering  Societies 
of  St.  Louis.  Paper  on  The  Recovery  of  Gasoline  from  Casing-Head 
and  Natural  Gas,  Paul  Diserens.  Abstract  published  in  this  volume 
of  Transactions  and  in  The  Journal,  October  1918. 

February  6:  Lecture:  The  Manufacture  and  Use  of  Ammunition 
as  Adapted  to  Present-Day  Warfare,  C.  B.  Lord. 

March  29:  Lecture:  Economic  Reconstruction  After  the  War, 
Dr.  Isaac  Lippincott. 

SAN   FRANCISCO 

March  20:  Informal  dinner  tendered  jointly  to  Prof.  George  F. 
Swain  by  the  local  sections  of  the  American  Society  of  Civil 
Engineers,  American  Institute  of  Mining  Ekigineers,  American 
Chemical  Society  and  Am.  Soc.  M.  E.  Speakers:  P.  M.  Downing, 
on  Interconnection  of  Power  Plants;  D.  M.  Folson,  on  Fuel-Oil 
Saving;  Max  Thelen,  on  War  Activities  of  the  Raih-oad  Commis- 
sion; and  George  F.  Swain,  on  National  Issues  of  Today. 
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THE   SPRING   MEETING 

Worcester,  Mass.,  June  4  to  7 

The  Spring  Meeting  of  the  Society  held  in  Worcester,  Mass., 
June  4  to  7,  was  the  largest  in  its  history,  there  being  a  registration 
of  472  members  and  514  guests,  a  total  of  986.  The  professional 
sessions  were  held  partly  at  the  Hotel  Bancroft,  the  convention 
headquarters,  and  partly  at  the  Worcester  Polytechnic  Institute. 

At  the  opening  session  held  at  the  Hotel  Bancroft  on  Tuesday 
evening,  there  were  addresses  of  welcome  by  R.  Sanford  Riley  and 
Mayor  Pehr  G.  Holmes  with  respon&e  by  President  Charles  T.  Main, 
and  an  address  on  the  Growth  of  an  Industrial  City  by  Hon.  Charles 
G.  Washburn.  Ihis  was  followed  by  a  reception  at  the  Art  Museum 
and  a  dance  at  the  Woman's  Club  building  adjoining. 

The  Committee  on  Meetings,  L.  P.  Alford,  Chairman,  in  charge 
of  the  professional  program,  had  arranged  for  addresses  by  representa- 
tives of  the  United  States  Government  on  the  procurement  program 
of  the  Government  with  respect  to  ordnance,  aircraft,  ships,  etc.; 
a  topical  discussion  on  fuel  economy,  under  the  auspices  of  the  Fuel 
Conservation  Committee  of  the  Engineering  Council;  and  a  session 
on  vocational  training  based  on  the  Boston  system.  There  were 
the  usual  technical  papers  on  general  subjects  and  an  interesting 
session  at  the  Norton  Companies*  plants,  the  latter  relating  to  the 
housing  of  workmen  and  employees. 

Excursions  planned  for  the  ladies  on  Wednesday  included  a 
visit  in  the  morning  to  an  interesting  exhibit  at  the  Crompton  and 
Knowles  Loom  Works  where  fancy  looms  were  in  operation.  This 
was  followed  by  a  motor  ride  around  Lake  Quinsigamond;  a  tour 
through  the  plant  of  the  Worcester  Corset  Company,  and  a  trip  to 
the  Tatnuck  Country  Club,  where  tea  was  served.  The  closing 
festivity  was  held  on  Thursday  evening  in  the  form  of  a  garden 
party  at  the  Worcester  Country  Club. 

Friday  was  reserved  for  an  all-day  trip  to  the  cantonment  at 
Camp  Devens.  Luncheon  was  served  at  the  camp,  after  which  the 
trip  was  continued  through  Concord  and  Lexington,  most  of  the 
party  returning  by  the  way  of  the  Wayside  Inn,  where  tea  was  served. 

The  chairmen  of  the  local  committees  having  the  general  direc- 
tion of  the  convention  were  as  follows:  General  Committee,  George  L 
Rockwood;  Reception,  John  W.  Higgins;  Women^s  Committee, 
Mrs.  R.  Sanford  Riley;  Hotel,  R.  C.  Cleveland;  Transportation, 
James  F.  Healey;   Automobile,  John  C.  Harvey;   Finance,  William 
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W.  Bird;  Entertainment,  George  N.  Jeppson;  Printing  and  Pub- 
licity, Howard  W.  Dunbar;  Chamber  of  Commerce,  Charles  E. 
Hildreth.  Various  sub-committees  and  individuals  comprising  the 
membership  of  the  above  committees  were  directly  in  charge  of 
the  several  events  of  the  meeting;  and  in  fact  the  whole  Worcester 
membership  and  their  wives  and  many  other  of  the  local  people 
personally  helped  to  make  the  meeting  the  great  success  that  it  was. 
Every  one  in  attendance  was  enthusiastic  in  his  praise  and  pro- 
nounced the  gathering  one  long  to  be  remembered. 

PROGRAM 

Tuesday  Morning^  June  4 
Registration  of  members  and  guests  at  headquarters. 

Tuesday  Afternoon 
Committee  meetings. 

Tuesday  Evening 
Informal  reception  and  dance. 

Wednesday  MominQf  June  5 
BUSINESS  BfEETlNG 
Committee  reports,  discussion,  new  business. 

FIRST  NEW  ENGLAND   DAY   SESSION 

The  Small  Industry  in  a  Democracy,  George  H.  Haynes. 

The  Textile  Industry  in  Relation  to  the  War,  J.  E.  Rousmaniere.* 

Wednesday  Afternoon 

SIMULTANEOUS   PROFESSIONAL  SESSIONS 

SECOND  NEW  ENGLAND   SESSION 

Convertino  a  Factory  for  Munitions  Manufacture,  John  S.  Holbrook.* 
Some  Economic  Aspects  of  Fire-Protection  Problems  and  Hazards  in 
War  Times,  J.  Donald  Pry  or  and  Frank  V.  Sackett. 

Oil  Fuel  in  New  England  Power  Plants,  Henry  W.  Ballou. 

GENERAL   SESSION 

A  Foundry  Cost  and  Accounting  System,  William  W.  Bird. 

The  Pubuc  Interest  as  the  Bed  Rock  of  Professional  Practice, 
Morris  L.  Cooke. 

Moisture  Reabsorption  of  Air-Dried  Douglas  Fir  and  Hard  Pine 
AND  THE  Effect  on  the  Compressive  Strengths.     Irving  H.  Cowdrey. 

A  High-Speed  Air  and  Gas  Washer,  Lieut.  John  L.  Alden. 

Investigation  of  the  Uses  of  Steam  in  the  Canning  Factory,  Julian  C. 
Small  wood. 

I  Published  in  Tas  Journal.  July  1918. 
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SESSION  ON   SAFETY  EDUCATION   IN  TECHNICAL  SCHOOLS  AND 

XTNIVEBSITIES 

The  Safett  Engineer,  L.  A.  DeBlois.^ 

New  Coubse  of  Instruction  in  Safety  Work,  Geo.  N.  Follows.' 

Wednesday  Evening 
GENERAL  WAR  SESSION 

REQUiREifENTS  OF  THE  Navt,  Paymaster  C.  E.  Parsons.' 
Experiences  in  France,  Dr.  Irving  G.  Clark.' 

Thursday  Morning,  June  6 

SIMUI/TANEOUS  PROFESSIONAL  SESSIONS 

.  GENERAL  SESSION 

Efficiency  of  Gear  Drives,  C.  M.  Allen  and  F.  W.  Rojrs. 
A  Self-Adjusting  Spring  Thrust  Bearing,  H.  G.  Reist. 
AiB  Propulsion,  Morgan  Brooks. 

The  Elastic  Indentation  of  Steel  Balls  Under  Pressure.    C.  A. 
BriggB,  W.  C.  Chapin,  H.  G.  Heil. 

Electric  Heating  of  Molds,  Harold  E.  White. 

Stresses  in  Machines  When  Starting  or  Stopping,  F.  Hymans. 

FUEL  SESSION 

An  Investigation  of  the  Fuel  Problem  in  the  Middle  West,  A.  A. 
Potter. 

Topical  Discussion  on  Fuel  Economy. 

VOCATIONAL   TRAINING    SESSION 

Addresses  on  Emergency  Technical  War  Training  by  Major  James  E. 
Caseidy,  U.S.  Engrs.,  Arthur  L.  Williston,  Lieut.  Andr^  Morize';  motion  pic- 
tures prepared  for  the  instruction  of  soldiers  by  the  Training  Committee  of  the 
General  Staff,  U.S.A.,  Major  Frank  B.  Gilbreth. 

Thursday  Afternoon 
PROFESSIONAL   SESSION 

The  Workman's  Home  and  Its  Influence  Upon  Production   in   the 
Factory  and'  Labor  Turnov'er,  Leslie  H.  .\llen. 

Addresses  on  Employees'  Relations  Work: 

Indian  Hill  Development  of  the  Norton  Ck)MPANiES,  Clifford  S. 

Anderson.* 
Employment  Methods  as  Followed  by  the  Norton  Companies, 

E.  H.  Fish.* 
Vestibule  Schools,  J.  C.  Spencc* 

Thursday  Evening 
Garden  Party  at  Worcester  Country  Club. 

Friday,  June  7 
AU-day  trip  to  Camp  Devens. 

'  Published  in  The  Journai^  July  1918. 
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A   HIGH-SPEED   AIR   AND   GAS   WASHER 

Bt  John  L.  Alden,  Ludlow,  Mass. 
Member  of  the  Society 

Nearly  aUofihe  recent  improoemenls  in  air  washers  have  been  modificalions  of 
the  standard  farm  of  spray<hamber  washer.  The  author  describes  a  new  type  of 
washer  embodying  a  new  combination  of  aid  principles.  This  has  resulted  in  a  very 
smaU  washer  with  unusually  high  washing  efficiency.  Three  of  these  washers  have 
been  built  and  the  paper  gUfes  a  brief  description  of  the  first  and  smallest  of  these, 

T^HIS  paper  describes  a  new  type  of  air  and  gas  washer  which 
has  been  developed  within  the  past  eighteen  months,  and  which 
offers  the  following  advantages  over  the  existing  types: 

a  The  washing  can  be  continued  to  any  desired  degree  of 

cleanliness 
6  The  washer  will  handle  unusually  large  quantities  of  dust 

or  long  fiber  without  clogging,  owing  to  its  large  passages 

and  entire  absence  of  eliminators 
c  Due  to  the  high  washing  efficiency,  the  water  consumption 

is  very  low,  from  1  to  2  gal.  per  1000  cu.  ft.  of  air 
d  The  washer  is  extremely  small  and  compact,  and  of  light 

weight.    A  10,000-cu.  ft.  washer  is  about  5  ft.  long,  5 

ft.  in  diameter,  and  weighs  less  than  400  lb. 

In  this  paper  the  term  **air"  will  be  used  to  include  any  gaseous 
fluid  or  vapor  for  which  cleaning  apparatus  may  be  suitable. 

2  The  writer  has  believed  for  some  time  that  air  \^ashing  and 
gas  cleaning  have  been  approached  from  the  wrong  angle,  and  that 
most  builders  of  apparatus  for  this  purpose  have  not  taken  advan- 
tage of  all  of  the  natural  laws  governing  the  depositing  of  air-  or 
gas-bome  particles.  The  result  has  been  the  general  adoption  of 
crude  and  unmechanical  designs,  and  has  made  necessary  the  use  of 
low  velocities  of  gas  through  the  machine.  Gas  scrubbers  normally 
operate  at  a  velocity  of  about  90  ft.  per  min.  and  air  washers  at  from 


Present^  at  the  Spring  Meeting,   Worcester,   Mass.,  June   1918,   of  The 
American  Society  of  Mechanical  Engineers. 

15 


16 


A   HiaH-SPBED   AIR  AND   QAB   WASHER 


400  to  500  ft.  per  min.,  while  with  these  devices  the  lin 
for  good  washing  and  a  reasonable  frictional  resists 
1000  ft.  per  min.  The  washer  about  to  be  described  op 
ally  at  from  2000  to  5000  ft.  per  min.  As  the  efficienc; 
ing  in  this  type  increases  rapidly  with  the  velocity,  the 
the  latter  is  the  resistance  imposed. 

3  Fig.  1  represents  a  longitudinal  section  of  tt 
referred  to  above.  A  helical  passage  is  constructed  i 
zontal  drum,  provided  at  one  end  with  a  tangential 
dirty  air  and  at  the  opposite  end  with  an  outlet  for  th 


Fio.  1    LoKOmmiNAL  SxcnoH  of  Air  Washes 


That  portion  of  the  helictU  poasage  nearest  the  inlet  c 
washii^  chamber,  while  the  remainder  comprises  it 
element.  On  the  inner  wall  of  the  helical  duct  are  i 
noules  which  spray  across  the  column  of  air.  Depen 
amomit  of  duet  to  be  removed  and  the  completene 
desired,  the  air  makes  from  1^  to  5  screwlike  revoluti 
through  the  helix  from  inlet  to  outlet.  For  fairly  di 
the  ordioary  dust-collecting  system,  two  turns  are  st 
whole  or  a  portion  of  the  first  tiun  is  used  for  wast 
last  turn  is  used  for  the  elimination  of  free  moisture. 

4    The  common  commercial  air  washer  with  wh 
familiar  depends  upon  its  spray  nozzles  to  throw  c 
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sizes  as  small  as  100  cu.  ft.  per  min.,  but  both  the  upper  and  lower 
limits  of  size  may  be  extended  to  meet  imusual  requirements.  Table 
1  gives  the  approximate  dimensions  of  centrifugal  air  washers  to  be 
used  for  ordinary  ventilating  purposes.  For  other  and  special  cases 
the  dimensions  will,  of  course,  be  different.  It  will  be  seen  that  in 
every  case  the  washers  are  very  small  for  the  capacity;  those  already 
built  and  installed  have  been  so  small  and  light  that  they  have  been 
hung  from  the  ceiling  with  band-iron  straps,  leaving  ample  headroom 
beneath. 

10  The  new  washer  described  in  this  paper  will  supply  a  field 
hitherto  untouched  by  the  standard  air  washer.  The  latter  is 
utterly  unsuited  to  the  handhng  of  large  quantities  of  fibrous  mate- 
rials, cotton,  jute,  hemp,  wool,  and  miscellaneous  waste.  Large 
amounts  of  fine  dust,  shavings  or  any  other  materials  ordinarily 


Fig.  3    Flat-Spray  Nozzle  Used  in  Air  Washer 


handled  by  exhaust  systems  are  beyond  the  capability  of  the  com- 
mon air  washer.  These  substances  will  either  clog  the  eliminators 
or  will  pass  completely  through  the  ordinary  commercial  machine. 
On  the  other  hand,  it  is  extremely  difficult  to  clog  the  centrifugal 
air  washer  with  dirt  and  refuse,  owing  to  the  large  passages  and  to 
the  entire  absence  of  ehminator  plates  or  other  obstructions.  It  is 
unnecessary  to  interpose  between  the  washer  and  the  source  of 
dust  any  form  of  dust  collector  or  rough  washer.  Since  the  dirt 
and  water  are  removed  at  each  convolution  of  the  helix,  there  is  no 
accumulation  of  water  and  material  to  be  reentrained  by  the  air 
current.  This  is  an  essential  feature  where  the  centrifugal  removal 
of  free  moisture  from  a  high-velocity  current  is  attempted. 

11  With  the  air  flowing  through  a  rectangular  passage,  it  is 
desirable  to  throw  a  flat  spray  of  water  across  the  channel.  After 
considerable  experiment  with^aVariety  of  forms,  the  nozzle  shown 
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in  Fig.  3  was  designed  to  fulfill  these  requirements.  The  spraying 
tip  is  part  of  a  removable  plug  containing  two  holes  designed  to 
throw  opposing  streams.  The  impact  of  the  jets  forms  a  flat  sheet 
of  spray  at  right  angles  to  the  plane  of  the  holes.  Although  this 
spray  is  quite  fine,  much  of  it  is  further  broken  into  mist  upon  strik- 
ing upon  the  opposite  wall  of  the  washer.  Locating  the  spray 
nozzles  upon  the  inner  wall  of  the  chamber  makes  it  necessary  for 
all  of  the  dirty  air  to  pass  through  this  fog-filled  passage.  This 
arrangement  is  much  superior  to  that  whereby  water  is  allowed  to 
flow  from  perforated  pipes  or  nozzles  over  the  outer  cylinder  alone, 
as  it  insures  a  thorough  wetting  of  the  dust. 

12  The  pressure  loss  through  the  washer  is  from  |  in.  to  1  in. 
of  water,  depending  upon  the  conditions  governing  the  design.  The 
variables  to  be  considered  are  the  diameter,  the  cross-sectional 
area  and  proportions  of  the  washing  space,  the  velocity,  the  number 
of  turns  of  the  helix,  and  the  volume  of  water  per  square  inch  of  the 
sectional  area  of  the  washing  chamber.  Ordinarily  this  washer  can 
be  designed  for  ventilating  work  with  a  resistance  of  about  i  in.  of 
water.  Where  the  dust  requirements  are  more  severe,  demanding 
higher  velocities,  more  wash  water  and  a  greater  number  of  convo- 
lutions of  the  helix,  the  loss  will  be  somewhat  greater. 

13  Unfortunately  the  writer  is  unable  to  give  additional  details 
of  the  performance  of  this  washer,  as  his  investigation  of  the  first 
conmiercial  installation  was  interrupted  in  May  1917  by  the  war. 
However,  it  may  be  said  that  two  others  were  built  from  his  design, 
and  although  he  has  not  seen  these  either  during  construction  or 
operation,  they  are  reported  by  the  owner  to  be  in  successful  opera- 
tion. Each  of  the  later  washers  has  a  capacity  of  15,000  cu.  ft.  per 
min.,  and  was  designed  to  hang  from  the  ceiling  with  7  ft.  of  head- 
room beneath.  This  type  of  washer  was  designed  and  developed 
for  a  specific  job  —  that  of  washing  the  clouds  of  dust  from  the  fan 
blast  of  dust-collecting  system,  leaving  the  air  fit  for  breathing. 
The  first  experimental  installation  and  the  subsequent  machines 
showed  that  for  this  purpose  the  washer  was  eminently  satisfactory. 
The  severe  test  of  dust-collecting  work,  removing  great  quantities 
of  dust  from  the  air  and  returning  the  purified  air  to  the  room, 
justifies  the  belief  that  the  centrifugal  washer  will  easily  satisfy 
ventilating  requirements.  Owing  to  the  similarity  of  refined  dust 
washing  and  blast-furnace-gas  scrubbing,  an  investigation  of  the 
adaptability  of  this  washer  to  gas  cleaning  would  seem  well  worth 
while. 
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DISCUSSION 

F.  R.  Still  (written).  The  American  Blower  Company  long  ago 
decided  that  for  the  removal  of  dust  from  air  in  industrial  in- 
stitutions a  much  different  type  of  air-cleaning  device  is  necessary 
than  is  required  in  ventilation  plants  for  public  buildings.  It  was 
also  discovered  that  devices  designed  along  such  lines  as  are 
covered  by  the  paper  cannot  be  used  in  pubUc  buildings,  because  of 
the  noise  they  make.  Air  must  be  moved  at  low  velocities  to  obviate 
noise  in  public  buildings. 

Furthermore,  smaller  quantities  of  water  are  generally  used  and 
the  spray  must  be  produced  more  in  a  mist  form  for  the  purpose  of 
regulating  the  humidity.  Nearly  all  the  air-cleansing  devices  put 
into  pubUc  buildings  are  for  the  purpose  of  *' conditioning"  the  air, 
which  in  its  final  analysis  means  removing  the  dirt  and  bacteria  and 
producing  the  right  humidity  for  healthful  conditions. 

In  industrial  institutions  noise  is  not  a  prime  factor;  further- 
more, it  is  seldom  that  air  conditioning  is  a  feature  of  first  importance. 
In  some  institutions  it  is  necessary  to  be  able  to  return  the  air  back 
into  the  building  after  cleansing,  because  of  the  size  of  the  exhaust 
fans,  which  in  such  cases  will  remove  so  much  air  from  a  department 
that  it  becomes  too  expensive,  if  not  impossible,  to  heat  the  depart- 
ment. 

In  some  installations  we  have  successfully  used  the  standard  type 
of  cyclone  separator,  making  slight  interior  modifications  such  as 
putting  a  standpipe  up  through  the  middle  with  a  rose  spray  of 
ample  capacity  to  keep  all  the  interior  surfaces  thoroughly  wet. 
Through  centrifugal  action  the  dust  as  it  enters  the  cyclone  strikes 
the  surfaces  wet  by  the  spray,  and  as  it  keeps  rapidly  whirling,  the 
moisture  absorbed  adding  to  the  specific  density  of  the  dust,  the 
cleansing  effect  is  very  thorough.  We  have  appUed  this  apparatus 
to  a  number  of  chemical  plants  and  also  to  some  shoemaking  ma- 
chinery plants  with  success.  Wherever  we  have  so  applied  it,  we 
have  simply  selected  a  separator  of  the  same  proportions  we  would 
have  selected  to  use  for  a  similar  capacity  for  dry  cleaning.  Pro- 
vision must  necessarily  be  made  against  freezing  in  very  cold  weather 
whenever  water  is  useil. 

W.  H.  Carrier  (written).  This  paper  presents  a  mechanical 
modification  of  one  of  the  oldest  types  of  washing  devices  that  has 
been  used.    It  varies  little  in  principle  ^rom  the  cyclone  type  of  dust 
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separator,  provided  with  spray  nozzles,  which  has  long  been  used  in 
dust  collectors. 

The  same  principle  is  also  employed  in  the  well-known  Theisen 
type  of  scrubber,  extensively  used  in  this  country  and  abroad  for 
washing  the  gases  from  blast  furnaces  and  from  gas  producers.  In 
this  type  the  air  is  rotated  mechanically  by  means  of  paddle  wheels, 
and  while  the  air  follows  the  same  spiral  course,  the  spirals  are  not 
mechanically  separated  by  radial  partitions  or  spiral  diaphragms  as 
in  the  case  of  the  washer  that  the  author  describes.  The  speed  of 
rotation  of  the  gas  or  air,  however,  is  much  greater  in  this  type  of 
scrubber,  varying  from  7000  to  15,000  ft.  per  min.,  depending  upon 
the  d^ree  of  washing  desired  and  the  nature  of  the  material  to  be 
be  extracted.  At  the  higher  velocities  this  will  remove  even  the 
finest  particles  of  soot  and  smoke,  which  will  not  be  accomplished  at 
the  lower  velocities  suggested  by  the  author. 

There  are  numerous  installations  of  the  centrifugal-separator 
type,  provided  with  a  spray  and  operating  on  the  same  principle,  in 
use  in  munition  factories  for  the  separation  of  gunpowder  dust  from 
the  air  before  going  to  the  general  exhaust  system.  These  are 
operated  on  the  suction  side  of  the  fan  instead  of  on  the  discharge 
side,  which  of  course  is  necessitated  by  the  fact  that  it  is  not  •per- 
missible to  draw  this  dust  through  long  ducts  or  through  fans  before 
separation. 

Where  only  a  few  turns  or  spirals  are  used  in  the  separation,  as 
suggested  in  the  paper,  I  am  doubtful  that  the  radial  partitions  or 
diaphragms  separating  the  rotating  streams  of  air  are  essential  from 
the  standpoint  of  effectiveness,  and  possibly  they  are  objectionable 
from  a  mechanical  and  operating  standpoint.  In  a  spiral  of  a  larger 
number  of  turns,  however,  this  construction  would  be  of  advantage, 
as  the  same  velocity  of  rotation  would  be  maintained  through  the 
entire  length  of  the  spiral  travel  of  the  air 

The  type  of  washer  described  by  the  author  is  especially  adapted 
for  relatively  small  air  quantities  handled  at  high  fan  pressures  and 
where  the  air  contains  a  great  deal  of  coarse  foreign  material.  Its 
efl&ciency,  however,  for  a  given  proportional  design  is  limited  by  the 
size  of  the  washer,  as  was  pointed  out  by  the  author.  The  cen- 
trifugal force  at  a  given  velocity  will  vary  inversely  as  the  radius, 
and  therefore  inversely  as  the  square  of  the  capacity  of  the  unit. 
Furthermore,  the  effectiveness  in  dust  separation  of  a  given  cen- 
trifugal force  in  an  air  stream  varies  directly  as  the  radial  dimen- 
sions or  width  of  the  rotating  air  stream,    i.e.,  the  average  distance 
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through  which  the  particle  of  dust  is  to  travel  before  it  reaches  the 
peripheral  surface  where  it  is  eliminated.  Therefore  the  author's 
conclusion  that  the  effectiveness  of  washing  varies  directly  as  the 
centrifugal  force,  may  not  be  completely  correct.  The  effectiveness 
of  the  washing  for  a  given  proportion  will  vary  inversely  as  the 
product  of  the  width  of  the  spiral  stream  times  the  mean  spiral 
radius,  divided  by  the  square  of  the  mean  velocity  of  flow. 

Mr.  Alden  has  failed  to  present  definite  data  regarding  pressure 
losses  in  this  type  of  washer  at  different  velocities  and  I  am  certain 
that  he  is  in  error  regarding  the  loss  occurring  where  it  is  necessary  to 
increase  the  velocity  to  obtain  the  required  cleaning  effect.  The 
loss  in  static  pressure  at  maintained  velocities  is  not  the  primary 
thing  to  be  considered,  but  the  loss  required  to  give  the  air  the  neces- 
sary high  velocity  to  secure  the  separation  must  be  considered  as  well. 
In  this  type  of  separation  it  is  probable  that  a  velocity  from  3000  to 
5000  ft.  per  min.  is  necessary  for  efficient  results,  depending  upon 
the  capacity  and  the  number  of  spirals.  To  create  a  velocity  of 
4000  ft.  per  min.  will  in  itself  require  a  pressure  of  1  in.  of  water. 
In  addition  to  this,  there  is  a  frictional  loss  proportional  to  the  square 
of  the  velocity  through  the  air  passages.  This  loss  will  be  in  the 
neigHborhood  of  0.4  in.  for  each  complete  spiral  revolution  where 
the  velocity  is  4000  ft.  per  min.  With  two  spirals  this  would  be 
about  0.8  in.,  or  a  total  pressure  of  1.8  in.  would  be  required.  Some  of 
the  energy  in  velocity  may  be  recovered  by  conversion  to  pressure  by 
the  use  of  a  diverging  nozzle  at  the  discharge.  The  efficiency  of  this 
conversion  will  depend  in  a  large  measure  on  the  proportioning  and 
shape  of  the  discharge  nozzle.  From  the  fact  that  relatively  high 
velocities  are  required  for  effective  results  with  larger  capacities,  it 
is  evident  that  this  type  of  washer  is  particularly  adaptable  to  small 
capacities  where  high  velocities  and  pressures  are  the  rule,  as,  for 
example,  in  dust-collecting  systems. 

For  commercial  appUcation  in  ventilating  systems,  I  disagree 
with  the  author  completely  as  to  its  appUcability  and  desirability. 
Ventilating  requirements  are  usually  for  larger  quantities  of  air  and 
do  not  permit  of  excessive  losses  or  of  high  velocities  such  as  re- 
quired for  handling  large  quantities  of  air  with  sufficient  cleaning 
results.  This  has  been  the  reason  that  this  type  of  washer  has  not 
been  developed,  as  certainly  it  was  well  understood  by  all  designers 
of  air-washing  systems  and  was  rejected  on  the  foregoing  grounds.  If 
it  were  attempted  to  use  this  system  in  ventilating  work,  the  velo- 
cities to  obtain  any  degree  of  efficiency  would  be  so  high  tJiat  the 
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pressure  losses  would  be  prohibitive  from  a  standpoint  of  power 
required.  The  object  of  the  present  commercial  air-washing  devices 
is  to  overcome  this  difficulty  by  splitting  up  the  air  into  a  large  num- 
ber of  parallel  layers,  each  subjected  to  a  centrifugal  action,  which 
wiU  be  efficient  in  removing  the  dust.  As  pointed  out  previously, 
the  narrower  the  air  passage,  the  more  efficient  is  the  removal  and 
the  greater  the  centrifugal  force.  For  this  reason  air  washers  have 
come  to  be  designed  with  a  relatively  narro.w  air  passage  in  the 
eliminator  or  washing  plates,  some  washers  using  less  than  1  in. 
of  free  space  between  the  plates.  It  is  necessary  that  the  velocities 
be  kept  down  to  a  point  where  the  losses  are  commercially  practic- 
able. This  is  between  I  in.  and  ^  in.  The  same  result  can  be  secured 
by  the  author's  method  by  using  a  number  of  small  individual  spiral 
separators,  but  such  construction  would  not  only  be  far  more  expen- 
sive, but  would  be  so  bulky  as  to  be  prohibitive  in  most  installations. 

In  conclusion,  I  might  mention  another  form  of  centrifugal  washer 
which  has  long  been  in  use  in  gas  plants  and  which  embodies  the 
same  centrifugal  pnnciple,  although  in  a  much  more  efficient  manner 
and  a  more  practicable  construction  for  large  quantities.     In  this 
type  tiie  air  passes  through  very  narrow  spiral  involute  passage- 
ways, from  the  outside  to  the  center  of  a  vertical  cylinder  or  tower. 
Hence  it  passes  in  a  reverse  direction  outwardly  through  a  parallel 
path  to  the  peripherj-  of  the  cylinder  or  tower.    The  velocity  through 
these  passageways  is  maintained  at  alx)ut  4000  ft.  per  min.  by  var>'- 
ing  the  height  of  the  passageways  by  means  of  a  water  column  or 
level,  the  height  of  which  is  varied  according  to  the  capacity  require- 
ments.    The  water  spray  is  introduced  from  the  top  of  the  tower. 
This  tj^pe  of  tower  produces  eflfective  cleaning  of  the  gas.     The 
pressure  loss  through  the  tower,  however,  is  considerable,  but  it  is 
always  necessary'  to  bear  in  mind  in  discussing  the  methods  of  air 
purification  that  the  degree  of  purification  is  inseparable  from  two 
factors:  One  is  the  amount  of  surface  over  which  the  air  must  pass, 
and  the  other  is  the  pressure  loss  sustained  by  the  air  in  passing  over 
this  surface.    One  t>T>e  of  washer  will  do  practically  as  well  as  an- 
other, providing  the  product  of  pressure  loss  and  surface  is  the  same 
in  both  and  sufficient  water  is  supplied  to  maintain  the  surfaces  in 
wet  condition.     If  efficiency  of  washing  is  based  upon  the  ratio  of 
cleaning  effect  to  the  power  required,  then  the  efficiency  of  the 
given  air-washing  device  will  vary  directly  as  the  mean  of  washing 
surface  used,  assuming  that  the  surface  is  everj-where  utilized  in 
producing  centrifugal  action  or  impact  upon  the  stream  of  air. 
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Henry  P.  Gale  (written).  The  nozzle  described  in  the  paper 
was  developed  in  the  laboratory  of  the  Oneida  Steel  Pulley  Com- 
pany's fan  department  in  the  spring  of  1915.  It  was  used  on  a  job 
handling  20,000  cu.  ft.  of  air  per  min.  They  removed  each  10  hr. 
an  average  of  from  1^  to  2  iron  wheelbarrow  loads  of  mud  and 
lint.  At  first  the  water  was  recirculated.  After  some  months  the 
warm  water  from  the  condenser  was  used.  This  warm  water  held 
the  humidity  to  the  .point  required  for  their  work.  I  have  never 
used  a  screen  in  the  nozzles,  but  since  Mr.  Alden  left  our  employ  we 
have  added  very  much  to  the  value  of  the  nozzle  shown  in  Fig.  3 
by  making  the  outlet  V-shaped  instead  of  straight.  By  changing 
the  width  of  the  V,  any  size  of  drop  to  a  mist  can  be  secured.  One 
nozzle  at  50  ft.  head  will  ^  with  mist  a  room  15  X  15  X  10  ft. 

If  the  work  to  be  done  does  not  call  for  the  air  to  be  delivered  in 
any  particular  direction,  I  should  prefer  the  open  centrifugal  machine, 
for  by  using  a  helix  body  the  shortening  of  the  radius  at  the  last 
part  of  the  body  aids  materially  in  pinching  out  the  mud  and  water, 
leaving  the  air  dry.  As  the  centrifugal  force  varies  inversely  as  the 
square  of  the  radius,  the  change  in  the  radii  of  a  properly  propor- 
tioned helix  for  the  body  aids  in  several  ways.  As  the  dust  content 
has  been  large  in  all  of  the  work  that  we  have  undertaken,  we  have 
been  obliged  to  maintain  a  high  velocity  and  short  radius  to  the 
chambers.  In  handling  over  10,000  cu.  ft.  of  air  per  min.  from  one 
fan  it  has  been  good  practice  to  build  the  washers  in  small  units 
placed  either  tandem  or  in  series.  The  time  necessary  to  wet  the 
dust  content  is  best  secured  by  increasing  the  length  of  the  washing 
chamber  if  the  quantity  will  not  allow  of  the  use  of  a  short  radius. 
This  length  has  never  been  made  less  than  one-third  nor  over  two- 
thirds  of  the  circle.  The  amount  of  the  dust  content  determines  the 
length  of  the  washing  chamber. 

The  Author.  The  conclusions  drawn  by  Mr.  Still  and  Mr. 
Carrier  are,  in  the  main,  correct,  in  so  far  as  they  relate  to  the  use 
of  this  washer  in  ventilating  work.  Except  for  certain  special  cases 
in  this  field,  the  writer's  plans  for  the  commercial  development  of 
this  washer  have  followed  the  lines  of  dust-collecting,  gas-scrubbing 
and  chemical  processes  where  the  intimate  contact  of  a  gas  and  a 
liquid  is  desired.  The  pressure  necessary  to  produce  the  high  velo- 
cities mentioned  in  the  paper  is  not  a  loss  which  can  be  charged 
against  the  washer,  since  velocities  of  the  same  order  of  magnitude 
are  already  present  in  practically  all  dust-collecting  systems. 
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Member  of  the  Society 

The  increased  demand  Jar  American  food  products  coming  coincidenily  tnUi  a 
9careUy  of  fuel  has  crealed  a  condition  in  packing  houses  calling  for  a  mare  exact 
knoujledge  of  steam  distributian  and  consumption  than  the  packer  heis  hitherto  deemed 
necessary.  Although  very  little  is  known  about  either  the  actual  or  necessary  steam 
consumed  in  the  various  units  of  the  canning  factory ,  it  is  certain  that  large  wastes  are 
prevalent.  Furthermore,  the  subject  is  timely,  not  only  because  of  the  necessity  for 
economizing  fuel,  but  because  of  the  shortage  of  all  classes  of  equipment.  Many 
Vodttrs  are  called  upon  to  increase  their  output  by  50  to  100  per  cent.  This  means, 
besides  the  extra  special  apparatus  required,  more  boHers  and  power-plant  units; 
and  the  question  then  arises  how  much  steam  is  definitely  needed  for  a  given  output. 

This  paper  analyzes  the  different  heat  processes  in  the  canning  of  food  and  points 
out  actual  and  ideal  steam  consumptions  and  methods  of  minimizing  wastes, 

TT  is  not  the  writer's  purpose  to  deal  in  this  paper  with  the  econo- 
mies possible  in  the  generation  of  steam  in  the  canning  factory. 
Although  it  would  well  repay  the  packer  to  inform  himself  on  this 
subject,  since  in  the  boiler  room  any  amount  up  to  50  per  cent  of  his 
coal  may  be  wasted,  the  principles  of  economical  boiler-room  opera- 
tion are  well  understood  by  mechanical  engineers  and  are  no  differ- 
ent in  the  canning  factory  from  any  other.  The  principles  and  the 
best  practice  in  the  use  of  steam,  on  the  other  hand,  are  not  com- 
mon knowledge,,  and  will  therefore  engage  the  writer's  attention. 

USES   OF   steam   in   CANNING   FACTORIES 

2  First  in  an  enumeration  of  the  various  packing-house  units  re- 
quiring steam  are  engines  to  turn  the  lineshaft  and  operate  cranes  and 
conveyors,  and,  possibly,  pumps  for  supplying  water.  Next  in  order 
is  the  apparatus  to  give  the  raw  material  a  preliminary  heat  treat- 
ment. In  the  case  of  tomatoes,  this  is  a  scalder  which  loosens  the 
skins;  in  the  case  of  peas,  beans,  spinach,  etc.,  it  is  a  bleacher  which 
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fixes  the  color  of  the  product  and  washes  away  impurities  and  partial 
decay.  At  this  stage  some  goods  are  placed  in  the  cans,  but  for 
others  heat  must  first  be  applied  in  bulk  in  order  to  evaporate  water 
and  concentrate  the  product.  For  example,  tomato  pulp  or  paste 
must  first  be  boiled  down,  as  must  also  fruit  juices  in  the  manu- 
facture of  jellies  and  preserves.  If  the  material  requires  such  re- 
duction, it  is  next  introduced  into  a  kettle  suppUed  with  a  steam 
jacket  for  evaporation,  or  a  tank  supplied  with  steam  coils,  or  into 
some  form  of  evaporator  using  steam  as  a  source  of  heat  for  evapo- 
ration. If  the  material  does  not  require  such  reduction,  it  must 
next  be  sent  through  an  exhaust  box  the  chief  fimction  of  which 
is  to  produce  a  partial  vacuum  in  the  capped  can  by  expanding  its 
contents  previous  to  capping.  The  expansion  is  accomplished  by 
heating  the  cans  by  direct  contact  with  steam  in  the  exhaust  box. 
After  the  cans  are  capped  they  are  packed  in  metal  cages  and  placed 
in  a  "process  kettle"  or  retort,  where  they  again  are  subjected  to 
steam  heat  for  the  purpose  of  steriUzing  and  cooking.  Finally, 
upon  removal  from  the  process  kettles,  the  packed  cans  must  have 
their  heat  removed,  which  is  usually  effected  by  a  water  bath  and 
which  completes  the  heat  processes  of  production. 

ANALYSIS   OF  THE  HEAT  DISTRIBUTION 

3  An  analysis  of  the  heat  distribution  leads  to  the  following 
conclusions:  First,  as  a  rule,  the  mechanical  power  required  is  com- 
paratively small,  and  this  limits  the  possibilities  of  exhaust  steam. 
Second,  except  for  products  that  must  be  reduced  by  evapora- 
tion, the  directly  useful  heat  functions  simply  by  elevating  the  tem- 
perature of  the  raw  material  from  that  of  the  room  up  to  whatever 
temperature  is  carried  in  the  process  kettle.  Assuming,  for  exam- 
ple, that  the  temperature  of  the  raw  material  is  80  deg.  fahr.  and 
the  temperature  of  the  process  kettle  is  212  deg.,  the  difference  is 
132  deg.,  and  the  useful  heat  in  the  whole  process  of  canning  is 
numerically  equal  to  the  total  weight  of  the  can  contents  multiplied 
by  132  deg.  tnultipUed  by  the  specific  heat.  To  this,  of  course,  must 
be  added  the  heat  of  vaporization  when  the  product  is  reduced, 
which,  however,  is  only  the  case  for  certain  products. 

4  This  may  seem  a  startlingly  simple  conclusion  to  be  formed 
from  a  complex  problem,  and  yet,  truly,  there  is  no  other  one.  Cook- 
ing and  sterilizing  are  merely  a  matter  of  elevating  a  temperature 
and  maintaining  it.  Once  the  temperature  is  attained  it  can  be 
held,  under  ideal  conditions,  without  further  consumption  of  heat 
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Heat  consumed  for  any  other  purpose  is  either  for  an  auxiliary 
process  or  is  a  total  loss  through  inefficiency  of  the  main  process. 
This  principle  finds  an  application  in  a  small  way,  in  domestic 
kitchens,  in  the  fireless  cooker.  The  old-fashioned  coal  stove  and 
the  more  recent  gas  range  both  waste  enormous  amounts  of  heat, 
because  after  the  temperature  of  the  cooking  material  has  been 
raised,  heat  continues  to  be  consumed,  and  is  wasted  by  radiation 
from  the  containing  vessel  and  by  convection  currents. 

5  Similarly  in  the  canning  factory,  from  the  time  the  raw  mate- 
rial enters  the  exhaust  box  up  to  the  time  it  leaves  the  process  kettle, 
the  one  desirable  effect  is  the  elevation  of  temperature.  In  the 
exhaust  box  this  is  partially  accomplished,  possibly  with  the  expendi- 
ture of  a  disproportionate  amoimt  of  steam.  Between  this  stage 
and  the  process  kettle  the  can  is  being  capped  and  packed  in  the 
crates,  during  which  handling  it  may  radiate  some  heat  which  will 
have  to  be  restored.  Finally  the  sealed  cans  are  placed  in  the 
process  kettle.  Heat  is  transferred  to  them  and,  incidentally,  radi- 
ated from  the  surface  of  the  kettle,  blown  right  through  the  kettle 
(especially  if  an  open  water  bath  is  used),  and  wasted  through  an 
overflow  of  hot  water. 

6  For  the  purpose  of  obtaining  an  idea  of  the  quantitative 
values  of  these  heat  transfers,  Fig.  1  has  been  prepared  showing  the 
distribution  of  heat  in  a  packing  house  putting  up  tomatoes.  An 
arrangement  using  steam  inefficiently  has  been  purposely  shown  in 
order  to  indicate  the  possibilities.  It  is  assumed  that  this  plant  is 
equipped  to  handle  10,000  baskets  per  day  of  12  hours,  that  the 
tomatoes  are  canned  whole,  and  that  skin-and-core  pulp  is  put  up 
as  a  by-product.  A  fair  value  for  the  yield  is  seven  No.  3  cans  of 
whole  tomatoes  per  basket,  and  one  No.  3  of  pulp.  This  will  make 
a  total  of  70,000  cans  of  the  former  and  10,000  cans  of  the  latter  per 
day  of  12  hours. 

7  Taking  as  the  heat  unit  the  boiler  horsepower,  which  is 
equivalent  to  about  30  lb.  of  high-pressure  steam  per  hour,  or,  more 
exactly,  33,479  B.t.u.  per  hr.,  and  assuming  the  temperature  elevation 
to  be  132  deg.,  the  useful  heat  added  to  the  whole  tomatoes  amounts 
to  57.5  boiler  hp.  The  pulp  must  not  only  be  elevated  in  tempera- 
ture but  thickened  by  evaporation  of  some  of  its  water.  Assuming 
a  reduction  of  5:4,  the  boiler  hp.  necessary  is  18.5,  making  a  total 
of  76. 

8  Of  the  useful  heat  to  the  whole  tomatoes  only  9  boiler  hp.  is 
added  in  the  exhaust  box,  the  remainder  being  added  in  the  process 
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kettle. ,  The  figures  in  Fig.  1  enclosed  in  circles  represent  the  waste 
beat  either  through  exhaust  steam,  or  hot  water  from  drains,  or 
radiation. 

9  These  heat  quantities  may  seem  excessive,  but  it  should  be 
remembered  that  they  vary  in  each  of  the  particulars  very  consid- 
erably in  different  plants.  The  distribution  shown  may  be  con- 
sidered on  the  whole  not  unrepresentative. 

10  A  study  of  this  example  shows  that  there  are  two  general 
methods  of  obtaining  heat  efficiency  in  the  use  of  steam.  First,  by 
improvements  in  the  construction  and  operation  of  heat-transfer 

Htat  Dittnbut-fon 
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apparatus,  and  second,  by  establishing  a  codrdination  of  units  so  that 
what  haa  ordinarily  been  considered  as  waste  and  irrevocable  heat 
may  be  recovered  to  the  fullest  extent  possible.  These  requirements 
do  not  exist  independently.  Let  us  then  consider  first  the  efficiency, 
or  lack  of  efficiency,  of  the  various  steam-using  units  familiar  to 
the  canning  factory,  having  special  regard  to  the  poeaibilities  of 
eliminating  steam  wastes,  and  with  all  due  respect  to  the  paramount 
necessity  of  capacity. 

BIAN'CHBRS   AND   3CALDERS 

1 1  Bhmcheis  and  scalders  both  make  heavj-  drains  on  the  steam 
pieesure,  but  they  are  not  of  such  general  interest  as  the  other  items 
listed,  uul  may  be  discussed  briefly.    In  their  operation,  wato  and 
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steam  are  led  to  a  single  chamber,  circular  or  rectangular  in  cross- 
section,  through  which  also  the  vegetables  or  fruit  are  fed.    In 
blanchers  the  steam  heats  the  water  which  is  constantly  overflowing, 
and  excess  steam  is  carried  through  a  vent  flue  to  the  roof.    Upon 
meeting  the  hot  water,  the  raw  material  is  washed  free  of  its  gummy 
coating,  etc.,  which  gradually  contaminates  the  water  and  necessi- 
tates a  continuous  supply.    The  incoming  fresh  water  requires  more 
steam  to  maintain  the  temperature.    Furthermore,  steam  must  be 
added  in  sufficient  amount  to  coimteract  the  cooling  effect  of  the 
entering  food.    From  these  considerations  it  becomes  apparent  that 
an  exercise  of  judgment  is  required  to  regulate  the  water  and  steam 
supply  to  the  rate  of  the  food  material  to  secure  the  best  economy 
with  steam.    The  water  should  be  fed  in  just  fast  enough  to  maintain 
the  minimiun  degree  of  purity  consistent  with  the  requirements. 
Any  greater  amount  of  water  necessitates  more  steam,  the  heat  of 
which  is  wasted  through  the  overflow.    Any  greater  amoimt  of 
steam  than  is  necessary  to  maintain  the  temperature  merely  blows 
through  the  vent  flue.    Obviously,  two  or  three  times  as  much 
steam  as  is  necessary  may  be  consmned  if  regulation  is  neglected. 

12    In  the  operation  of   tomato  scalders  a  similar  conclusion 

may  be  drawn.    Here  the  steam  and  water  do  not  mix,  that  is, 

intentionally,  it  being  the  purpose  to  have  first  the  steam  and  then 

the  cold  water  strike  the  raw  material.     Steam  at  80  to  100  lb. 

pressure  is  supplied  through  a  2-in.  pipe  and  passes  through  a  series 

of  perforated  holes  in  pipes  placed  above  and  below  a  conveyor 

chain  carrying  the  tomatoes.     The  bed  of  fruit  is  something  Uke 

four  to  six  inches  thick,  and  it  is  expected  that  these  steam  jets  will 

penetrate  the  mass  and  heat  their  outer  skins  in  about  ten  seconds. 

Now  in  the  same  chamber  in  which  the  steam  is  working,  and  just 

beyond  the  steam  jets,  are  jets  of  cold  water.     There  is  no  dividing 

partition,  and  the  result  is  a  splendid  condenser  effect.    As  the 

water  must  be  kept  cold,  more  of  it  than  otherwise  necessary  is 

turned  on  to  counteract  this  effect,  thereby  enhancing  it.     Provision 

is  made  through  a  vent  flue  so  that  if  any  steam  escapes  both  water 

and  tomatoes  it  can  go  out  through  the  roof. 

13  Obviously,  with  the  application  of  ingenuity  and  experi- 
ment the  steam  consumption  of  these  machines  might  be  materially 
lessened  through  radical  structural  changes  without  impairing  effec- 
tiveness or  capacity.  On  the  other  hand,  and  opposite  to  the  case 
of  bleachers,  it  is  difficult  to  secure  steam  economy  by  nice  regulation 
alone  —  for  one  reason  because  of  the  prejudice  of  operators.     The 
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writer  himself  has,  during  operation,  cut  down  the  steam  valves  on 
scalders  from  full  opening  to  one-half  turn,  and  the  girls  peeling  the 
tomatoes  never  knew  the  difference.  But  once  let  them  know  that 
the  steam  is  reduced,  and  they  will  insist  that  the  tomatoes  are 
not  scalded  enough! 

14  Another  instance  of  the  effectiveness  of  supervision:  To- 
matoes are  dumped  from  baskets  on  to  the  conveyor  leading  to  the 
scalder  by  two  untutored  negroes.    Due  to  the  lapses  between 
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baskets,  the  conveyor  chain  travels  5  ft.,  then  receives  a  charge, 
then  another  idle  5  ft.,  and  so  on.  Each  basketful  forms  a  small 
pyramid,  8  to  10  in.  deep  at  the  apex.  The  tomatoes  on  the  outside 
are  scalded  sufficiently,  but  those  at  the  thick  part  of  the  mass 
hardly  at  all,  whereupon  the  girls  handling  the  latter  demand  mxx% 
steam.  By  the  simple  expedient  of  having  the  tomatoes  distrib- 
uted on  the  conveyor  chain  in  an  approximately  uniformly  thick 
bed,  about  50  i>er  cent  of  steam  is  saved. 
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EXHAUST  BOXES 

15  Exhaust  boxes  are  now  to  be  conffldered.  In  the  home- 
made fonn  (see  Fig.  2)  these  are  long  rectangular  boxes  made  of 
four  planks,  open  at  the  ends,  and  through  which  a  conveyor  chain 
pasRes  bearing  the  filled  but  uncovered  cans.  Drilled  pipes  wiUiin 
the  box  are  used  as  steam  jets  playii^  on  the  cans.  At  the  ends  of 
the  box  are  Sues,  so  that  when  the  steam  is  fully  turned  on  it  will 
not  pass  into  the  packing  room  but  out  through  the  roof. 

16  It  is  at  ODce  apparent  that  it  is  out  of  the  question  to  obtain 
anything  like  a  unifonn  temperature  of  the  can  contents  in  the  small 
space  of  time  that  they  ue  subjected  to  the  steam,  particularly  if 


Fia.  4    luPBOVBD  FoBu  or  E^xhauot  Box 

they  are  packed  closely  and  contain  little  liquid.  Fig.  3  shows  the 
results  of  some  temperature  measurements  made  by  inserting  a 
thermometer  at  different  points.  The  average  temperatures  were 
obtained  by  calorimetric  determination.  It  is  thus  seen  that  although 
It  is  the  intention  to  elevate  the  temperature  of  the  cans  to  about 
160  deg,,  nothing  like  this  is  accomplished.  If  it  were,  the  original 
temperature  being  about  100  deg.,  the  useful  heat  (that  is,  heat 
actually  transferred  to  the  cans)  would  be  16  boiler  hp.  for  the  con- 
ditions shown  in  Kg.  1.  ActuaUy,  the  useful  heat  is  only  2  to  5 
boiler  hp.  (corresponding  to  temperature  ranges  of  from  6  to  20  deg.). 
In  Fig.  1  a  temperature  rise  from  80  deg.  to  120  deg.  is  assumed. 
The  heat  consumed  in  the  form  of  steam  may  be  as  much  as  anything 
between  20  and  30  boiler  hp.,  makii^  for  a  thermal  efficiency  of 
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about  10  to  15  per  cent.  Where  does  the  difference  go?  Through 
the  roof. 

17  The  performance  of  the  exhaust  box  as  regards  steam  econ- 
omy may  be  materially  bettered  by  the  careful  regulation  of  the 
steam  supply.  From  trials  which  the  writer  has  made,  involving 
temperature  and  pressure  measurements,  he  has  foimd  that  the 
steam  can  be  cut  down  from  full  on  to  about  one-half  a  tmn  of  the 
stop  valve  in  some  cases  without  materially  affecting  the  tempera- 
ture elevation.  That  is,  the  heating  effect  is  nearly  as  good  when 
the  steam  merely  trickles  through  as  when  it  pours  through.  To 
gain  effectiveness,  the  time  during  which  each  can  is  subjected  to 
the  steam  must  be  lengthened,  and  the  greater  the  time,  the  greater 
will  be  the  machine's  efficiency.  This  fact  is  being  recognized  by 
the  manufacturers  of  modem  forms  of  exhaust  box,  which  are  so 
shaped  that  the  length  of  the  path  through  them  is  greatly  increased, 
thereby  increasing  the  time  of  heating  (tK>  5. and  15  min.).  Such  a 
box  is  shown  iii  Fig.  4.  ''  '  *^ ' 

1^  Much  can  be  giuned  if  the  exhaust  box  is  in  pdrt  relieved  of 
its  effort  by  introducing  whatever  Uquor  goes  with  the  solid  part  of 
the  contents  as  Hot  as  possible.  As  previously  mentioned,  after  the 
solid  material  is  placed  in  the  can,  either  by  machine  or  hand,  liquor 
is  added  either  in  the  form  of  brine,  S3rrup,  or  fruit  juice.  This 
liquor  is  previously  heated,  but  between  its  heating  and  the  time  of 
introduction  into  the  can  it  often  is  allowed  to  cool,  either  by  halts 
in  the  procedure  or  through  radiation  from  pipes  and  containing 
vessels.  In  every  case  the  liquor  should  enter  the  can  at  about 
210  deg.,  which  high  temperature  may  so  elevate  the  average  tem- 
perature of  the  packed  material,  especially  in  hot  weather  when  the 
initial  temperature  of  the  soUd  is  high,  as  to  make  the  additional 
elevation  by  the  exhaust  box  trifling. 

JACKETED  KETTLES 

19  Turning  now  to  a  consideration  of  the  various  packing- 
house units  used  for  concentrating  Uquid  foods  and  food  juices,  which 
units  may  be  termed  generally  ''evaporators,''  it  will  be  noted  that 
there  are  many  different  forms  and  types.  Perhaps  the  most  ele- 
mentary form,  and  in  some  ways  the  most  interesting,  is  the  jacketed 
kettle  (see  Fig.  5).  In  shape  this  is  the  same  sort  of  utensil  as  the 
old-time  housewife  used,  but  of  course  is  larger,  having  a  capacity 
of  between  50  and  500  gal.  It  receives  its  heat  from  the  steam 
jacket  whence  it  gets  its  name.    The  jacket  is  tapped  With  one  or 
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more  openings  to  receive  the  steam  pipes  and  another  opening  for 
the  drain  pipe  to  carry  off  the  condensed  steam. 

20  The  performance  of  these  kettles  is  very  interesting  in  many 
ways.  In  the  first  place,  it  may  be  observed  that  mider  approxi- 
mately ideal  conditions  their  thermal  eflSiciency  may  be  nearly  100 
per  cent,  the  only  loss  being  from  radiation  of  heat  from  the  outside 
of  the  jacket.  This  assumes  that  the  condensate  from  the  jacket  is 
returned  to  the  boiler  through  a  return  trap,  which,  however,  is  not 
always  —  or  even  often  —  used.  Steam  at  100  lb.  gage  pressure 
has  a  temperature  of  338  deg.,  so  if  steam  of  this  pressinre  is  used  in 
the  jacket  of  a  kettle,  it  will,  after  condensing  in  the  jacket,  emerge 
from  the  drain  pipe  as  water  at  338  deg.    If  this  hot  water  is  returned 
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Fig.  5    Heat  Transfer  in  Jacket  Kettle 

to  the  boiler  by  a  return  trap  none  of  its  heat  is  lost  (except  that  small 
amount  due  to  radiation),  and  practically  all  of  the  heat  given  up 
by  the  steam  goes  to  the  useful  purpose  of  evaporating  water  from 
food  material. 

21  There  are,  however,  three  other  ways  in  which  steam  may 
be  handled  (see  Fig.  6).  First,  the  drain  may  be  passed  through  an 
atmospheric  trap,  which  necessitates  that  the  water  be  reduced  to 
below  212  deg.  before  it  can  be  returned  to  the  boiler.  In  this  case 
the  efficiency  of  the  system  is  87  per  cent,  and  13  per  cent  of  the 
heat  consumed  is  wasted.  Practically  the  same  thing  may  be  ac- 
complished if  the  drain  pipe  is  without  a  trap,  but  is  supplied  with  a 
stop  valve  so  regulated  that  only  water  will  be  discharged.  Second, 
the  kettle  may  be  supplied  with  an  atmospheric  trap,  or  a  stop  valve 
in  the  drain  pipe  as  just  described,  the  discharge  from  which  is  not 
returned  to  the  boiler.     In  this  case,  if  feedwater  at  70  deg.  is  used 
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to  make  up  the  212-deg.  water  which  mij^t  have  been  used,  the  waste 
is  24  per  cent  and  the  efficienoy  only  76  per  cent.  Third,  the  kettle 
may  be  unprovided  with  a  trap  of  any  kind,  and  the  valve  in  the 
dnun  pipe  left  so  wide  open  as  to  let  la^;e  quantities  of  steam  eaca^ 
as  well  as  condensate.  Here  it  is  difficult  to  estimate  the  ftngiimg 
waste,  but  if  one  is  to  judge  by  the  ascending  clouds  of  steam,  it 
must  be  enormous. 

22  Many  operators  of  these  and  other  steam-using  units  in  the 
canning  factory  labor  under  the  delusion  that  a  violent  coomiotion 
and  an  earnspUtting  racket  are  evidences  of  rapidity.  Hence  they 
will  turn  on  the  steam  until  their  eyes  and  ears  are  satisfied  in  these 
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respects.  Unless  means  are  taken  to  prevent  such  excesses  through 
traps  and  other  fool-proof  devices,  it  is  impossible  to  eliminate  wastes. 
23  Before  leaving  the  subject  of  jacketed  kettles,  a  word  must 
be  said  about  their  performance  as  regards  capacity.  Judged  as 
an  evaporator  suitable  for  high  rates  of  evaporation,  it  would  seem, 
offhand,  that  nothing  could  be  cruder.  There  is  absolutely  do 
provision  made  for  systematic  circulation  of  the  kettle  contents, 
which  matter  of  circulation  is  given  most  careful  thought  in  the 
design  of  steam  boilers.  A  jacketed  kettle  in  full  blast  shows  the 
most  haphasard  ebullition,  and  one  would  suppose  that  a  much  more 
effective  rate  of  evaporation  could  be  obtained  if  the  circulation 
could  be  assisted.  In  spite  of  this,  the  fact  is  that  this  apparatus  is  a 
remarkably  quick  evaporator.    Results  that  have  come  to  the  writ- 
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^8  attention  showi  with  the  use  of  100-lb.  steam,  as  high  as  8.5 
gaL  or  70  lb.  of  liquid  evaporated  per  square  foot  per  hour  after  the 
mass  has  come  to  a  boil.  This  corresponds  to  about  700  B.t.u.  of 
heat  transferred  per  hour  per  square  foot  per  degree  difference  of 
temperature,  a  figure  comparing  very  favorably  with  the  best  types 
of  feedwater  heaters  and  condensers,  which  class  of  steam-engineer- 
ing apparatus  the  jacketed  kettle  most  closely  resembles  as  regards 
heat  transfer. 

24   Jacketed  kettles  differently  installed  show  very  different 
capacities  for  evaporation.    The  question  then  arises.  What  are  the 
factors  affecting  the  rate  of  evaporation?    A  study  of  this  question 
shows  that  the  total  amoimt  of  water  a  kettle  can  evaporate  per 
hour  may  be  affected  chiefly  by  the  pressure  of  the  steam  in  the 
jacket.    The  rate  of  heat  transfer  is  directly  proportional  to  the 
difference  in  temperature  between  the  boiling  material  (about  212 
deg.)  and  the  substance  supplying  the  heat,  that  is,  the  steam.    Now, 
since  the  temperature  of  steam  increases  with  its  pressure,  the  high- 
piessure  steam  is  more  effective  in  rapidity.    But  if  the  steam  pipes 
are  too  small,  or  if  the  kettle  opening  for  steam  is  not  large  enough, 
there  may  be  a  considerable  drop  of  pressure  of  the  steam  before  it 
reaches  the  jacket,  and  a  still  fiuiJier  drop  after  it  gets  into  the 
jacket.    In  consequence,  and  especially  if  the  steam  is  initially  wet, 
it  falls  in  temperature  and  loses  some  of  its  effectiveness.    In  this 
connection  it  is  appropriate  to  remark  upon  the  prevalent  packing- 
house custom  of  economizing  on  pipe  sizes.    A  kettle  with  a  bushed 
steam  opening  cannot  evaporate  as  fast  as  one  with  an^  unrestricted 
supply.    Even  under  the  best  conditions  it  is  a  matter  for  speculation 
whether  or  not  the  steam  pressure  in  the  jacket  is  not  materially 
less  than  that  in  the  steam  pipe  because  of  the  condenser  effect  of 
the  comparatively  cool  liquid  within  the  kettle.    At  all  events, 
much  can  be  done  to  improve  capacity  by  using  carefully  calculated 
pipe  sizes,  and  by  introducing  the  steam  into  the  jacket  through  two  or 
more  openings  instead  of  only  one.    A  series  of  experiments  with  the 
purpose  of  learning  the  pressure  within  a  steam  jacket  for  different 
systems  of  piping  would,  it  is  felt,  disclose  facts  of  practical  value  in 
future  design. 

25  The  capacity  of  a  jacketed  kettle  may  be  much  reduced  by 
the  cooking  material  caking  to  its  sides.  To  avoid  this  condition, 
kettles  are  frequently  equipped  with  mechanical  stirrers  which  con- 
tinuously wipe  the  heating  surface,  thus  keeping  it  clean.  This 
action  also  imparts  a  velocity  to  the  boiling  liquid  at  the  heating 
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surface  which,  presumably,  affects  the  heat  transfer,  but  juat  how 
much  is  not  known.  Similarly,  the  quantitative  effect  of  hi^  velo- 
city of  the  steam  in  the  jacket  is  unknown. 

COIL  EVAPORATORS 

26  The  final  limitation  to  capacity  has  to  do  with  the  area  of 
the  heating  surface.  In  this  respect  the  jacketed  kettle  bears  about 
the  same  relation  to  evaporators  of  refined  design,  such  as  vacuum 
pans,  as  the  first  shell  boiler  to  present-day  water-tube  boilers;  that 
is,  it  is  deficient  in  beating  surface.  The  obvious  step,  then,  is  to 
add  heating  surface  in  order  to  increase  capacity,  and  this  has  been 
done.  The  additional  surface  takes  the  form  of  basket  or  ring  coils, 
or  nests  of  tubes,  whereby  the  heating  surface  can  be  tremendously 


Fio.  7    Stzam  Coil 

increased.  There  is,  however,  an  undetermined  limit  to  the  efTec- 
tivenesB  of  such  additions,  since  they  may  retard  the  circulation  of 
the  boiling  material  to  such  an  extent  as  to  decrease  instead  of 
increase  capacity. 

27  Coils  ofTer  such  an  attractive  way  of  forming  a  compact 
heating  surface  that  they  have  come  into  favor  in  units  which  dis- 
pense entirely  with  the  steam  jacket.  Any  form  of  containing 
vessel  may  be  used  for  the  hquid  to  be  concentrated,  and  the  veaad 
may  be  made  of  any  appropriate  material.  Jacketed  kettles  are 
commonly  made  of  copper;  the  containing  vessels  for  coil  evapty- 
rators  may  be  made  of  wood,  thereby  making  a  great  saving  of  ex- 
pense. Also,  a  wooden  vessel  with  coils  occupying  a  ffvea  florar 
space  may  contain  vastly  more  beating  surface  than  a  jacketed  kettle 
occupying  the  same  floor  space,  and  therefore  have  considerably 
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greater  capacity.  In  such  a  case  the  coil  evaporator  also  loses  less 
heat  by  radiation  from  the  containing  shell,  but  otherwise  the  heat 
effidency  of  the  coil  may  be  just  as  good  or  as  bad  as  that  of  jacketed 
kettles  previously  cited.  The  effectiveness  of  a  single  square  foot 
of  heating  suif  ace  of  the  coil  is,  it  is  beUeved,  possibly  less  than  that 
of  the  jacket,  particularly  if  the  coil  is  not  carefully  designed. 
"Effectiveness"  in  this  connection  means  the  number  of  heat  units 
that  can  be  transferred  per  hour  from  the  steam  to  the  liquid  con- 
tents. As  mentioned  before,  the  efficiency  may  be  nearly  100  per 
cent  in  each  case.  Fig.  7  shows  a  coil  of  modem  design  taking 
steam  through  the  manifold  at  A  and  exhausting  from  drain  B. 


l/qvor 


ToConc/enser 


Sfwamcrt/0/b 
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240  Otg.  inSftom 
Jacktf 


Fig.  8    Vacuum  Pan 

28  Evaporators  depending  upon  coils  or  nests  of  tubes  suffer 
two  serious  disadvantages:  First,  they  are  much  more  difficult  to 
clean  and  to  keep  clean  than  are  jacketed  kettles.  Mechanical 
wipers,  as  stirrers,  are  out  of  the  question,  and  hand  cleaning  is 
awkward.  Second,  they  are,  with  poor  design,  more  apt  to  leak 
steam  into  the  liquid  to  be  evaporated  than  are  jackets,  whereby 
both  heat  and  capacity  are  lost. 

VACUUM   PANS 

29  In  the  writer's  opinion  a  type  of  evaporator  which  will 
eventually  enter  the  canning  factory  is  the  vacuum  pan,  Fig.  8. 
The  advantage  which  it  possesses  is  that  it  can  use  exhaust  steam 
efficiently,  and,  when  Uve  steam  is  employed  the  pan  may  be  so 
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designed  as  to  take  only  half  or  less  than  half  the  steam  required  by 
apparatus  which  boils  at  atmospheric  pressure. 

30  The  subject  of  vacuum  pans  is  too  large  a  one  to  enter  upon 
here,  there  being  many  different  designs  and  principles  invotved. 
It  may  be  mentioned,  however,  that  the  whole  subject  is  replete 
with  unsolved  problems  which  give  much  oppoctunity  for  successful 
research  work. 

31  All  of  the  evaporators  cited  may  meet  a  check  in  their 
capacity  when  certain  products  are  handled,  through  the  thickening 


TABLE  1    PERFORMANCE  OF  EVAPORATORS 


• 

Type  of  6T»por»U>r 

Evaporation, 

lb.  par  eq.  ft 

perhr. 

B.t.u.traM- 
farradpereq. 
ft  perhr.  per 

daclahr. 

differmee 

in  temper*- 

ture 

jMk«t«d  kffttl*  with  100  lb.  itMm  wnmnsn,  by  tnt 

66.6 

45.0 
30.0 
41.5 
60.0 

40.0 
106.0 

64.5 

660 

Jacketed  kettle  with  60  lb.  eteem  prwiuret  ■■niminc  the  Mine  B.t.u. 
rate  ci  tranefer 

Jeeketed  kettle  with  35  lb.  eteem  prtarare 

6tS 

Coile.  100  lb.  ateem  preaaure-  by  teat 

638 

Vaeuum  pan,  aingle  effect,  25  lb.  ateam  pteaaure,  on  tomato  paate;  av- 
eraae.  by  teat. 

IIS 

660 

Vaeuum  pan,  with  10  lb.  ateam  prearore,  aingle  effect,  and  30  in. 
Taeuum 

600 

TABLE  3    COMPARISON  OF  HEATING-SURFACE  REQUIREMENTS  OF  KETTLES 

AND  COILS 


Capedty  <d  kettle,  gal 

Heating  aurfaoe  per  gal.  of  contenta,  aq.  ft. 


600  (tank  with  eoU) 
0. 


and  foaming  of  these  products.  To  avoid  boiling  over,  foaming 
necessitates  a  cutting  down  of  the  rate  of  evaporation.  Similarly 
with  thickening  —  the  resulting  increased  viscosity  of  th6  mass 
causes  a  spattering  dangerous  to  operators  and  wasteful  of  mate- 
rial. In  such  cases  the  initial  rate  of  evaporation  must  be  lessened 
toward  the  end  of  the  process.  The  remedy  is  evaporators  with 
high  sides  to  prevent  boiling  over,  and  stirrers  to  prevent  caking. 

32    Another  item  which  should  be  carefully  calculated  for  indi- 
vidual evaporators  as  well  as  a  number  of  them  together  is  the  drain- 
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age  of  the  spaces  supplying  steam.  It  is  very  easily  possible  to  flood 
these  spaces  with  water,  either  through  too  small  a  pipe  size  for  the 
drain  from  the  jacket  or  coil,  or  by  having  one  unit  flood  another, 
or  by  a  badly  designed  unit  of  which  coils  are  a  conspicuous  example. 

COMPARATIVE  PEBFORMANCE  OF  EVAPORATOB8 

33  Table  1  shows  the  comparative  performance  of  these  various 
eyaporators.  It  should  be  remembered  upon  considering  the  re- 
sults indicated  in  this  table  that  the  data  have  been  obtained  for 
the  most  part  under  packing-house  conditions  and  that  the  results 
should  not  be  considered  as  exact,  especially  in  view  of  the  fact  that 
they  were  obtained  from  only  a  few  tests.  They  may,  however,  be 
considered  as  conservative,  since  other  tests,  the  results  of  which 
have  been  brought  to  the  writer's  attention,  show  considerably  higher 
vahies,  particularly  in  the  case  of  jacketed  kettles;  values  so  high, 
in  fact,  that  he  hesitates  to  quote  them. 

34  In  Table  1  the  first  three  lines  show  the  effect  of  using  steam 
of  a  lower  pressure  than  100  lb.,  the  rate  of  evaporation  in  poimds  per 
square  foot  per  hour  rapidly  falling  off  with  the  lower-pressure  steam. 
The  low  result  of  the  shell  evaporator  may  be  explained  possibly  by 
the  effect  of  the  design,  in  that  the  heating  surface  was  so  arranged 
that  part  of  it  could  be  flooded  during  operation.  It  is  seen  from 
the  table  that  the  best  results  were  secured  with  the  jacketed  kettle. 
This  fact  is  very  much  influenced  by  the  steam  connections,  in  that 
if  only  one  is  used  the  rate  of  evaporation  may  be  only  half  that 
which  is  obtained  when  two  generous  steam  openings  are  employed. 

35  Table  2  is  intended  to  show  the  real  advantage  of  coils. 
The  figures  presented  are  obtained  from  a  number  of  kettles  and 
coils  in  actual  operation.  It  is  seen  that  as  the  capacity  of  the 
kettle  increases  the  heating  surface  per  unit  of  contents  decreases, 
which  is  not  true  of  the  coil,  the  reason  being  that  the  jacket  surface 
of  the  kettle  increases  with  the  square  of  its  linear  dimension,  whereas 
the  volume  increases  as  the  cube. 

PROCESS  KETTLES 

36  The  last  item  to  be  considered  is  the  process  kettle.  In  one 
way  this  is  perhaps  the  most  important  of  all,  since  the  success  of 
the  pack  depends  upon  the  process  kettle.  Its  whole  function  is  to 
raise  the  temperature  of  the  contents  of  the  cans  to  that  necessary 
for  sterilization.    Fig.  9  is  a  diagrammatic  representation  of  a  proc- 

kettle. 


42 


USES  OF   STEAM  IN  THE   CANNING   FACTOBT 


37  There  are  four  methods  in  use  in  the  operation  of  these 
units:  First,  the  cans  are  placed  in  the  process  kettle,  which  is 
previously  empty;  the  kettle  is  then  closed  and  steam  turned  on  so 
that  a  pressure  of  between  5  and  15  lb.  gage  is  secured.  Second, 
this  same  process  may  be  used,  except  that  the  kettle  is  previously 
filled  with  hot  water  and  the  cans  are  subjected  to  a  water  bath 
under  pressure  at  a  correspondingly  high  temperature.  Third,  the 
cans  may  be  placed  in  a  closed  process  kettle  and  subjected  to  a 
pressure  very  slightly  greater  than  atniosphere,  say,  1  lb.  gage,  there 
being  no  water  in  the  kettle.  Fourth,  the  process  may  be  imder 
atmospheric  pressure  but  in  a  water  bath  with  the  lid  of  the  kettle 
raised.  These  processes  may  be  referred  to  as  dry  and  wet,  re- 
spectively, and  closed  and  open. 


Water 


ft 


Sttam 


V9nf 


Crate  holding 
Cans- 


liUUUMUltti_i^ia 


Steam  Jets 


Overflow 


i:-- Process 

Km-ttte 


tK^  Drain 


Fig.  9    Process  Kbttlb 


38  In  the  open-bath  process  it  is  a  custom  of  operators  to  main- 
tain a  violent  boil  of  the  bath  so  as  to  secure  a  circulation  through 
all  the  interstices  between  the  cans,  which  practice  results  in  large 
volumes  of  steam  being  emitted  into  the  packing  room.  In  the 
closed  process  it  is  the  custom  to  vent  the  valve  on'top  of  the  kettle. 
When  the  process  is  wet,  it  seems  that  the  object  is  twofold:  first 
to  secure  a  circulation  through  the  interstices,  and  second,  because 
it  is  easier  to  maintain  a  uniform  temperature  with  the  steam  flowing 
through  rapidly  with  this  vent  valve  considerably  open  than  to 
secure  this  uniform  temperature  with  only  a  small  vent. 

39  Now,  besides  raising  the  temperatures  of  the  cans,  in  the 
dry  process  heat  has  to  be  furnished  to  the  kettle  in  the  following 
directions,  all  of  which  is  wasted: 
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a  To  raise  temperature  of  the  metal  of  crates  and  kettle 

b  To  vent  the  kettle,  allowing  air  to  escape,  or  to  establish  a 

circulation  through  the  cans 
c  Condensed  steam  drained  from  kettle 
d  Radiation  of  heat  from  the  outside  surface  of  the  kettle. 

To  these  items  must  be  added,  when  the  wet  process  is  used,  the 
heat  necessary  to  raise  the  temperatm-e  of  a  mass  of  water  as  well 
as  that  of  the  cans.  Table  3  gives  some  quantitative  values,  obtained 
in  part  by  test,  but  for  the  most  part  by  calculation  upon  the  assump- 
tion of  reasonably  good  conditions  in  each  item.  In  this  connection 
it  should  be  remembered  that  radiation,  venting  and  overflow  Wastes 
may  each  vary  widely  with  different  operators  and  units. 


TABLE  3   AMOUNT  OF  HEAT  (B.T.U.)  REQUIRED  FOR  PROCESSING  IN  ONE 

KETTLE  40  IN.  IN  DIAM.  BY  72  IN.  DEEP 


Toeans,  from  120  deg... 
To  water,  from  212  deg. 
To  metal,  from  212  deg. 

To  vent  on  top 

Radiation 

Overflow,  or  drain 

Total  B.t.u 

Boiler  bp 


i-hr.  doeed  prooees  at  240 
deg.  fahr. 


Dry 


198.000 

0 

3,300 

0+ 
9,000 
38,000 


248,300 
14.8 


Wet 


198.000 
28,000 

3,300 
17,500 

9,000 
46,000 


301,800 
18.0 


1-hr.  process 
Closed  Open 


Dry.  216  deg. 


158.000 
0 

500 

0+ 
15,300 
26.000 


199,800 
6.00 


Wet.  212  deg. 


152.000 

0(?) 

0 
35.000+ 
14,800 
29,300 


231,100 
6.90 


40    In  studying  the  data  presented  in  Table  3  it  should  be 
remembered  that  the  calculations  depend  largely  upon  assumptions 
which  are  only  approximately  true,  and  furthermore  that  the  con- 
ditions may  vary  widely  so  as  to  alter  the  figures.    They  show, 
however,  what  may  be  taken  as  a  reasonably  representative  compari- 
son.   The  first  item,  namely,  the  heat  added  to  cans,  assumes  that- 
the  average  temperature  of  the  cans  leaving  the  exhaust  box  is  120 
deg.;  the  actual  temperature  may  be  greater  or  less  than  this.    The 
further  assumption  is  made  that  the  contents  of  the  cans  are  raised 
from  this  initial  temperature  up  to  the  temperature  of  the  process. 
Actually,  the  temperature  of  the  process  may  be  attained  on  the 
outside  layers  of  the  can,  but  this  gradually  merges  to  a  lower  tem- 
perature at  the  center,  so  that  the  average  temperature  at  the  finish 
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of  the  process  is  something  less  than  240  deg.  in  the  closed  process 
and  less  than  216  deg.  in  the  open.  The  second  item,  having  to  do 
with  the  heat  added  to  the  water  in  the  wet  process,  assumes  this 
water  to  be  at  212  deg.    It  may,  however,  be  cooler  if  there  is  much 
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time  between  batches,  allowing  cooling,  or  if  the  operators  introduce 
a  large  volume  of  cold  water  in  the  kettle  to  reduce  the  temperature 
quickly. 

41    The  same  reasoning  appUes  to  the  heat  added  to  the  metal 
of  the  process  kettle  and  crates.    The  amount  of  steam  vented  from 
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the  top  of  the  kettle  may  vary  considerably  according  to  the  custom 
of  the  operator.  From  tests  made  by  the  writer,  with  the  closed 
{HOoesBit  amounts  to  the  equivalent  of  1  boiler  hp.  under  the  manipu- 
latiOQ  of  a  fairly  careful  operator.  The  radiation  loss  is  less  in  total 
tot  the  dosed  process  than  for  the  wet,  since  this  is  quicker,  but  the 
losB  per  square  foot  per  hour  is  higher  for  the  closed  process,  since  the 
temperature  difference  is  higher.  The  overflow  or  the  drain  loss  may 
bemuch  larger  than  quoted  in  the  case  of  careless  manipulation.  It 
win  be  seen  that  the  closed,  dry  process  at  216  d^.  is  the  most  eco- 
nomical in  the  use  of  steam.  Comparing  the  boiler  hp.  required  for 
tiie  different  syst^DOiS,  it  is  noticed  that  the  closed  wet  process  takes 
about  three  times  as  much  steam  as  the  dry  at  216  deg.    On  the  other 
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Fig.  11    Improved  Steam  Distribution 


hand,  the  former  is  capable  of  twice  the  capacity  of  the  latter,  so 
that  the  proportion  of  steam  per  can  used  is  as  3  is  to  2. 

42  Elfforts  have  been  made  to  increase  the  capacity  of  process 
kettles  by  agitating  the  cans  during  cooking,  machines  for  this  pur- 
pose being  styled  '' continuous  cookers."  Fig.  10  is  one  of  recent 
design,  and  possesses  some  excellent  features. 

43  There  seems  to  be  ample  field  for  enlightenment  by  experi- 
ment in  the  case  of  process  kettles.  Among  the  questions  to  be 
answered  are:  What  are  the  times  necessary  to  elevate  the  tem- 
perature of  the  center  of  a  can  under  the  open  or  closed  systems, 
and  how  much  difference  is  made  by  circulating  water  instead  of 
steam  upon  the  time?    What  effect  has  venting  the  kettle  different 
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amounts?  What  effect  has  agitatmg  the  cans?  If  such  venting  of 
the  kettles  has  any  favorable  effect,  how  may  the  steam  thus  lost  be 
recovered?  How  does  the  temperature  of  the  cans  at  various  parts 
of  the  kettle  vary?  Of  what  value  are  automatic  regulators  to 
steam  economy? 

POSSIBILITIES  OF  IMPROVING  PERFOBMANCE  OF  PLANT 

44  Referring  to  Fig.  11,  the  possibiUties  of  bettering  the  per- 
formance indicated  by  Fig.  1  are  shown.  The  consumption  of  the 
scalder  is  reduced  from  25  to  20  boiler  hp.  by  careful  supervision  of 
its  performance.  The  efficiency  of  the  jacketed  kettle  is  improved 
by  means  of  the  return  trap  which  passes  back  to  the  boiler  4} 
boiler  hp.,  thereby  eliminating  all  possibility  of  waste  in  steam 
through  the  drain.  The  exhaust  box  is  increased  in  efficiency  to 
50  per  cent,  and  very  probably  much  better  than  this  can  be  secured 
with  the  more  modem  forms  of  exhaust  box,  the  loss  then  largely 
i)eing  due  to  radiation.  By  using  the  dry  process  at  216  deg.  the 
process  kettle  loses  heat  only  through  radiation  in  amount  equal  to 
about  5  boiler  hp.  and  through  condensate  from  the  drain  equal  to 
about  6^  boiler  hp.,  the  loss  through  the  vent  with  automatic  regu- 
lation being  negligible.  It  is  questionable  how  the  6^  boiler  hp. 
escaping  from  the  drain  may  be  utiUzed.  It  might  be  returned  to 
the  boiler  as  feed  if  provision  were  made  to  eliminate  impurities. 
An  exhaust-steam  feedwater  heater  is  added,  by  means  of  which  26 
boiler  hp.  is  recovered,  but  as  the  exhaust  steam  is  in  excess  of  the 
requirements  for  preheating  the  feed  water,  some  of  that  available 
from  the  engine  is  lost  through  the  vent.  It  is  very  possible  that 
this  excess  of  steam  should  be  recovered  in  one  of  the  steam-using 
units;  for  example,  if  a  process  kettle  were  designed  with  sufficiently 
large  steam  pipes  and  openings,  exhaust  steam  could  be  used  in  it,  or 
this  exhaust  steam  could  be  used  in  a  vacuum  pan.  There  are  a 
number  of  such  possibilities. 

GENERAL  CONSIDERATIONS 

45  Having  now  taken  up  in  more  or  less  detail  the  various 
familiar  steam-using  units  in  the  canning  factory,  the  writer  would 
conclude  with  a  few  remarks  of  general  appUcation.  Economy  in 
steam  means  three  things:  increasing  efficiency  of  units,  eliminating 
all  avoidable  wastes,  and  utilizing  all  other  wastes  of  heat  as  by- 
products.   The  first  two  can  only  be  accomplished  through  meas- 
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urement  —  it  is  necessary  to  know  haw  much  steam  is  used  and  wasted. 
The  packing  house  should  be  properly  equipped  with  measuring  in- 
struments for  this  purpose.  The  familiar  and  Uttle  appreciated 
pressure  gage  is  almost  a  stranger  in  the  packing  house,  and  yet  a 
judicious  use  of  this  instrument  will  disclose  much  valuable  informa- 
tion as  to  how  steam  is  being  used  or  abused.  To  find  out  how  low 
the  steam  pressure  is  on  some  units  whose  inefficiency  or  lack  of 
capacity  has  been  ascribed  to  other  causes  and  inspired  futile  reme- 
dies,  win  open  the  eyes  of  the  superintendent.  Next,  when  we 
eliminate  wastes,  we  must  eliminate  aUwa6te$i  and:  not  tolerate: any 
just  because  we  have  been  accustomed  to  seeing  them  and  know 
that  iroy  are'-difficult  to  avoid.  Wherever  steam  shows  In 'the 
atmosphere  it  represents  a  waste,  whether  the  steam  comes  from 
the  jacket  of  a  kettle,  the  vent  of  a  process  retort,  the  flue  from  an 
exhaust  box  or  heater  or  scalder,  or  from  any  cause  whatsoever. 
We  have  no  right  to  discharge  steam  into  the  atmosphere,  even  if  it 
is  exhaust  steam.  We  have  no  right  to  radiate  heat  to  the  atmosphere 
which  might  be  saved -by  non-heat-conducting  protection,  and  such 
wastes,  it  is  necessary  to  say,  are  wantonly  committed  in  the  pack- 
ing house.  No  steam-using  units  the  writer  has  seen  in  such  houses 
make  the  slightest  provision  against  loss  of  heat  by  radiation.  This 
is  not  only  a  waste  of  coal  but  a  waste  of  human  energy,  since  the 
operators  cannot  work  efficiently  in  the  torrid  heat  usually  prevail- 
ing and  aggravated  by  radiation  from  steam-using  units.  The 
packer  objects  on  the  ground  of  expense,  but  he  should  remember 
that  each  square  foot  of  surface  with  steam  behind  it  radiates  to 
the  atmosphere  in  ten  hours  an  amount  of  heat  requiring  the  burn- 
ing of  1  lb.  of  present-day  coal,  and  then,  upon  calculating  what  this 
aggregates  to,  will  he  realize  that  it  is  not  a  question  of  the  expense 
of  installing  pipe  coverings  and  other  similar  devices,  but  the  expense 
of  not  doing  so. 

46  Finally,  the  question  of  how  to  utiUze  by-product  heat 
requires  careful  study.  In  each  factory  the  problem  may  be  differ- 
ent, and  in  each  it  may  be  a  separate  case  of  proportioning  the  units 
to  fit  into  each  other.  Feedwater  heaters,  traps,  low-pressure  heat- 
ers—  all  should  be  considered.  Even  the  water  used  for  cooling 
the  cans,  which  carries  away  all  of  the  useful  heat  transmitted,  as 
previously  defined,  may  be  made  to  render  up  some  of  the  heat  it 
has  removed. 


50  USE   OP  STEAM  IN  THE  CANNING  FACTORY 

when,  due  to  the  flotation  effect  particles  of  scum  would  come  up. 
These  would  float  on  the  top  of  the  liquid  and  the  operaitor  would 
draw  them  off  to  one  side  and  continue  the  operation  until  he  got 
rid  of  them  entirely;  then  he  would  shut  off  the  steam  and  open  the 
valve  wide,  when  violent  ebullition  would  start;  but  there  was  no 
foam.  The  loss  of  material  from  spraying,  caused  by  violent  ebul- 
lition, was  overcome  by  using  a  properly  designed  separator,  of 
which  there  were  a  number  of  good  ones  available. 

He  had  found  that  a  4-in.  coil  would  operate  much  better  if  the 
length  was  not  over  25  or  30  ft.,  and  that  coils  30  ft.  long  would 
actually  do  twice  as  much  work  per  square  foot  of  coil  surface  as 
coils  60  or  75  ft.  long.  In  the  sugar  industry  it  was  sometimes 
necessary  to  use  large  coils.  In  such  cases  the  coils  were  split  up 
to  get  a  number  of  sections  —  such  would  be  the  case  in  a  very 
large  vacuum  pan.  The  evaporation  taken  from  the  tomato  juice 
was  an  excellent  solvent  and  therefore  would  cleanse  well.  His 
concern  had  dissolved  calcium  sulphate  scale  by  the  use  of  such 
distilled  water.  By  treating  iV-in.  solid  gypsum  scale  with  dis- 
tilled water  for  six  hours  and  boiling  the  water,  the  scale  was  dis- 
solved. 

In  regard  to  Mr.  Foster's  suggestion,  he  would  say  that  tests 
had  shown  that  it  made  Uttle  difference  whether  saturated  or  super- 
heated steam  was  used  as  far  as  increasing  the  capacity  of  the 
equipment  was  concerned. 

L.  B.  McMillan  mentioned  the  use  of  steam  traps,  which  will 
let  the  air  out  and  hold  the  steam  back  and  thus  hold  the  vessel 
temperature  without  the  loss  of  steam.  It  seemed  to  him  that 
proper  insulation  could  be  applied  to  apparatus  that  would  pay  for 
itself  in  such  a  short  time  that  it  would  be  advantageous  to  use  it. 

The  Author.  Referring  to  Dr.  BigeloVs  comments  in  regard 
to  heat  insulation,  the  canning  factory  presents  a  more  special 
problem  in  the  way  of  heat  insulation  for  the  reason  that  cleanliness 
is  necessary.  The  mechanical  problem  can  be  solved,  possibly,  with 
air  spaces  of  metal  walls,  but  it  has  not  been  worked  out  because 
the  canner  has  not  taken  enough  interest  in  it  up  to  date. 

I  am  aware  that  evaporators,  especially  sugar  evaporators,  have 
been  brought  to  a  refined  state  of  design.  In  the  canning  industry 
they  have  not.  That  is,  special  vacuum  pans  that  are  applicable  to 
the  canning  industry  have  not  been  developed  in  the  same  way 
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that  they  have  in  the  sugar  industry.  I  believe  there  is  a  big  future 
far  vacuum  pans  for  the  reason  that  they  can  make  use  of  ex- 
haust steam.  One  large  company  has  put  in  the  most  refined  type  of 
vacuum  pan  to  boil  down  and  concentrate  the  tomato  juice  which 
had  been  thrown  away  heretofore  because  it  did  not  pay  to  bother 
with  it.  Now  the  cost  of  raw  material  has  increased  so  that  it  will 
pay  to  evaporate  the  raw  juice  and  get  the  solids  out  of  it.  Inci- 
dentaOy,  because  the  evaporators  are  vacuum  pans,  waste  steam  is 
being  used  economically. 

When  I  use  the  word  "evaporator''  in  connection  with  foaming,  I 
refer  not  only  to  vacuum  pans  but  to  all  other  types  of  evaporator 
—jacket  kettles  and  coils.  I  should  like  to  have  more  facts  on  this 
question  of  tomato  pulp,  because  one  difficulty  encountered  is  the 
cooking  of  the  pulp  on  the  tubes,  making  it  very  difficult  to  clean 
theoL 

There  is  a  possibility  in  the  use  of  superheated  steam,  but  little 
is  knovm  about  its  behavior  in  this  industry.  A  small  steam-inlet 
pipe  connection  is  often  used  in  canning  apparatus,  and  the  result  is 
a  large  pressure  drop;  instead  of  100  lb.  there  may  be  only  50  or 
25  lb.  in  the  apparatus.  If  the  stream  is  initially  wet,  it  vnll  prob- 
ably be  wet  at  tiie  lower  pressure,  with  correspondin^y  low  temper- 
ature. If  initially  superheated,  the  temperature  at  the  lower  pressure 
would  be  higher  than  that  due  to  saturation,  which  would  assist  heat 
transfer. 
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MOISTURE  REABSORPTION  OF  AIR-DRIED 
DOUGLAS  FIR  AND  HARD  PINE  AND 
THE  EFFECT  ON  THE  COMPRES- 
SIVE STRENGTHS 

Bt  Irving  H.  Cowdbbt,^  Cambbidge,  Mass. 

Non-Member 

Under  ordinary  (Umcmpheric  condUiona  air-dried  Hmber  quickly  reabsorba 
moisture  and  underyoea  certain  changee  in  its  duxraderietic  properties. 

In  order  to  determine  how  much  greater  wotdd  he  the  response  and  the  consequent 
change  in  properties  if  the  timber  vfere  introduced  into  a  saturated  atmosphere  at  a 
reasonably  high  temperature  or  if  completdy  submerged  in  water,  a  series  of  inoes^- 
gaHons  was  conducledduring  the  past  year  at  the  Massadiusetts  Institute  of  Technology 
on  tuHk  important  structural  Hmbere  —  Douglas  fir  and  southern  hard  pine.  These 
tests  are  described  in  detail  in  the  paper  and  the  results  cbtained  presented  in  the  form 
of  graphs, 

WhUe  these  tests  were  made  on  a  limited  number  of  small  specimens  and  the 
results  are  confessedly  comparatufe  and  qucditatum  rather  than  quantitatufef  the 
author  is  neoerihdess  of  the  opinion  thai  an  analysis  of  the  data  gioen  wHl  justify 
the  following  stalemenis: 

^  In  the  air-dry  condition  with  approximately  equal  moieture  contents  the 
comvressioe  strength  of  hard  pine  is  about  25  per  cent  greater  than  that 
of  Douglas  fir. 
When  exposed  to  air  saturated  with  water  vapor  at  120  deg.  fahr.y  and  when 
immersed  in  fresh  water  at  70  deg.  fahr.,  the  moisture  reabsorption  of 
air-dried  fir  is  greater  and  more  rapid  than  that  of  pine. 
The  temperature  effect  on  strength  decrease  is  of  more  importance  on  pine  than 

on  fir. 
Pine  shows  a  more  rapid  decrease  in  strength  with  the  moisture  increase  than 
does  fir.  {The  more  rapid  reabsorption  by  fir  tends  to  offset  this  effect 
when  the  time  element  is  used  as  a  basis,  so  that  for  a  given  time  of  treat' 
ment  the  pine  remains  the  stronger  although  the  strengths  tend  to  approach 
each  other  with  more  extended  trtaiment.) 
For  moisture  contents  above  11  per  cent  when  due  to  reabsorption  from  air 
saturated  at  120  deg.  fahjc.,  the  fir  is  stronger  in  compression  than  the 
pine.  The  same  relation  appears  for  moisture  contents  greater  than 
20  per  cent  when  due  to  soaking  in  fresh  water  at  70  deg.  fahr. 

Li  Department    of    Mechanical    Engineering,    Massachusetts    Institute    of 
Technology. 
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T^HE  effect  of  moisture  on  the  properties  of  timber  has  become  a 
well-established  and  recognized  fact.  Every  practical  man, 
whether  he  be  an  engineer  or  a  craftsman,  knows  full  well  that  the 
removal  of  moisture  from  timber,  or  the  so-called  "seasoning," 
produces  marked  changes  in  its  strength,  hardness,  stiffness,  resiliency 
and  other  characteristic  properties.  Much  has  been  done  in  the  way 
of  scientific  investigation  by  the  Bureau  of  Forestry,  The  Forest 
Products  Laboratory  and  various  universities  and  technical  schools 
to  determine  the  effect  of  the  progressive  removal  of  moisture  on  the 
strength  of  timber  of  all  kinds. 

2  The  results  obtained  have  appeared  with  lengthy  discussions 
in  the  bulletins^  and  technical  papers  issued  by  these  bodies  and  in 
the  proceedings  of  various  professional  societies.  In  view  of  this,  it 
were  a  waste  of  time  and  effort  to  present  such  data  and  such  dis- 
cussion in  this  paper. 

3  To  the  reversal  of  this  process  there  has  been  given  consider- 
ably less  attention.  'There  is  often  expressed  great  surprise  at  the 
rapid  and  very  appreciable  regain  of  moisture  by  wood  after  it  is 
removed  from  the  dry  kiln.  This  reabsorption,  moreover,  is  not 
confined  to  kiln-dried  wood,  but  occurs  as  well  in  the  case  of  timber 
which  has  been  thoroughly  air-dried.  In  fact,  the  reabsorptive 
power  of  air-dried  timber  is  beUeved  to  be  somewhat  greater  than 
is  that  of  timber  which  has  been  properly  and  thoroughly  kiln- 
dried.* 

PROBLEMS  TO  BE  SOLVED 

4  If,  then,  wood  responds  so  quickly  in  its  reabsorption  of  moisture 
under  very  ordinary  atmospheric  conditions,  and  in  consequence  thereof 
undergoes  change  of  properties,  how  much  greater  will  be  the  response 
and  the  consequent  change  of  properties  if  the  timber  be  introduced 
into  a  saturated  atmosphere  at  reasonably  high  temperatures,  or  if 
it  be  completely  submerged  in*  water? 

5  A  recognition  of  the  importance  of  these  items  and  the  belief 
that  reabsorption  is  a  factor  to  be  reckoned  with  has  led  to  the 
conducting  of  a  series  of  investigations  during  the  past  year  in  the 
Testing  Materials  Laboratory  of  the  Massachusetts  Institute  of 
Technology  to  determine  the  quantitative  effect,  if  possible,  of  such 

^  Notably  in  Bulletin  No.  70  of  the  U.  S.  Dept.  of  Agriculture,  by  H.  D. 
Tiemann. 

*  Bulletin  No.  70,  U.  S.  Dept.  of  Agriculture,  treats  of  the  effect  of  reabsorp- 
tion of  certain  woods  from  the  kilnMiry  condition,  but  does  not  consider  the  effect 
on  air-dry  wood,  nor  on  Douglas  fir  under  any  condition. 
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conditions.  Moreover,  during  the  past  few  years  the  eastern  lumber 
marlcets,  as  typified  by  Boston,  have  witnessed  the  entrance  of  a  new 
comx>ctitor  in  the  field  of  structural  timber,  namely,  Psevdotsuga 

6  This  fact  led  the  experimenters  to  make  a  parallel  investi- 
gatioxi  for  the  purpose  of  comparing  this  Douglas  fir  with  the  better- 
knomrs  southern  hard  pine,  which  has  been  so  long  established  in 
the  ^-tructural  engineering  of  this  part  of  the  United  States.  In  so 
far  £kj3  the  writer  is  aware,  this  is  the  first  work  of  the  kind  to  have 
been.  <ipne  on  Douglas  fir.  The  pine  used  falls  under  the  classification 
of  ''cl.«nse  southern  pine"  according  to  the  standards  of  the  Am^can 
Soci^-fcy  for  Testing  Materials  and  is  very  probably  the  long-leaf 
yello-^  pine  (Ptnua  jHdustrui). 


NATURE  OP  THE   INVESTIGATION 

7^  The  investigation  under  discussion  may  be  briefly  outlined 
as  foXIows:  The  stock  used  had  been  purchased  in  the  open  market 
with^:>iit  any  special  care  in  selection.  In  the  form  of  4-in.  planks  it 
remained  in  the  testing  laboratories  about  six  months  imder  the 
coD(Lit;ions  of  heat  and  moisture  ordinarily  pertaining  to  such  locaU- 
ties,  l:>eing  open  to  free  and  complete  circulation  of  air  over  and  firound 
the  oc^aterial.  ,         ,,  • 

^       Tests  showed  the  moisture  content  to  be^  between  6  and  8 
per  e^nt  for  all  pieces.    The  timber^  then,  inay  be  considered  to  have 
beea    thoroughly  air-dried.    From  these  planks  were  cut  specimens 
whiGli  were  planed  to  a  section  2, in.  by  2  in.  and  30  in.  long.    These 
pieces  were  cut  further  into  blocks  8  in.  long,  and  the  pairs  thus 
obtwned  were  used  in  most  cases  under  similar  conditions  of  treat- 
ment   for   check   purposes.      All    treatments  were   conducted   on 
specimens  8  in.  long  and  tests  were  made  on  specimens  6  in.  long 
formed  by  the  removal  of  1  in.  from  each  end  of  the  treated 
specimen. 

9  A  number  of  specimens  of  both  pine  and  fir  were  tested  in  the 
air-dry  condition  to  establish  their  initial  properties.  One  set  con- 
sisting of  20  pieces  of  pine  and  20  pieces  of  fir  was  subjected  for  various 
lengths  of  time  to  a  saturated  atmosphere  at  120  deg.  fahr.  Another 
similar  set  was  immersed  in  fresh  water  at  70  deg.  fahr.  for  various 
periods  of  time.  The  relative  rates  of  moistm-e  penetration  and  the 
properties  of  the  wood  as  determined  by  direct  compression  in  a 
direction  parallel  with  the  grain  were  investigated  and  the  results 
appear  later  in  this  discussion.  . 
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10  The  moisture  detenninations  were  made  as  follows:  From 
the  blocks  were  cut  sections  approximately  i  in.  thick.  (The  cutting 
lines  were  laid  off  at  i-in.  intervals  and  the  saw  scarf  then  reduced  the 
thickness  to  about  ^  in.)  Six  of  these  were  cut  from  the  first  1)  in. 
of  length  and  a  seventh  from  the  center.  See  A,  fig.  1.  It  was 
necessary  to  eliminate  the  effect  of  lateral  penetration  of  moisture, 
consequently  the  outer  }  in.  was  removed  from  these  sections  with  a 
chisel,  as  indicated  at  B,  Fig.  1. 

11  The  moisture  content  was  obtained  in  the  usual  manner. 
After  remo^  of  all  adhering  dust  and  splinters,  the  sections  were 
caref&Uy  weighed.  They  were  then  exposed  to  a  reasonably  dry  air 
bath  at  212  deg.  fahr. 

12  The  drying  is  continued  until  a  "constant  weight"  is  ob- 
tained. With  samples  of  this  size  and  form,  taken  from  the  woods 
under  consideration,  this  constant  weight  is  generally  obtained  in 
about  1^  hours.    This  is  known  as  the  "oven-dry  weight." 


A  * 

Fig.  1    Mbthod  or  Cuttdxq  SPBcnaBMB 

13  The  loss  in  weight  under  the  above  conditions,  divided  by 
the  oven-dry  weight,  expressed  as  per  cent,  gives  the  moisture 
content. 

14  In  any  discussion  dealing  with  the  effect  of  moisting  on  the 
characteristics  of  wood  it  is  very  essential  to  have  in  mind  the  form 
in  which  water  may  exist  in  the  cellular  structure. 

15  The  water  present  in  wood  may  exist  (a)  as  free  water  within 
the  cellular  spaces,  the  canals  and  ducts,  and  possibly  to  some  slight 
extent  in  the  intercellular  cavities;  and  (b)  as  water  which  has  been 
actually  absorbed  by  the  material  which  constitutes  the  cell  walls. 
It  is  commonly  supposed  that  the  absorption  of  water  from  moist 
air  at  least  is  first  an  absorption  by  the  cell  walls,  and  that  later 
under  some  conditions  there  occurs  a  partial  filling  of  the  cell  cavities. 
The  maximum  water  content  possible  without  the  presence  of  free 
water  in  the  cells  and  canals  is  known  as  the  "  fiberH9aturation  point." 
When  water  is  absorbed  because  of  the  actual  inmiersion  of  the  wood 
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it  ia  very  likely  that  free  water  may  exist  in  the  cells  without  the 

cell   ^walls  having  absorbed  a  quantity  sufficient  to  produce  fiber 

saturation.    For  most  of  the  more  common  timbers  this  fiber- 

satirration  point  occurs  at  a  moisture  content  of  approximately  25 

per   oent. 

1€  Most  writers  consider  that  it  is  only  this  second  form,  or 
"in^bibed''  water,  as  it  is  sometimes  called,  which  afifects  the  strength. 
No  ^istisf actory  theories  have  been  advanced  to  (elucidate  the  phenom- 
^lOxiL.  Whether  the  action  is  purely  physical  or  whether  it  may  par- 
take of  a  certain  chemical  semblance  is  a  point  of  some  disagreement. 
It  ^v^cDuld  seem  to  the  writer  as  though  perhaps  there  may  occur  ^ome 
of  blzfte  effects  of  colloidal  solution.  This  last  suggestion  might  to 
som.^  extent  be  borne  out  by  the  fact  that  a  very  complete  kiln-drying 
at  ki:£gh  temperature  prevents  or  markedly  decreases  certain  effects 
coni:cKionly  produced  by  reabsorption  of  moisture  such  as  swelling, 
incn^fe^ae  of  pliability,  etc. 

X  7    Again,  the  writer  would  hold  that  the  free  water  in  the  cells 

and     oanals  may  also  have  a  weakening  effect,  due  to  rensolution  of 

som^  of  the  salts  which  are  undoubtedly  deposited  within  the  cells 

as  iizM.^  sap  dries  out,  or  in  the  case  of  heart  wood  by  infiltration  during 

the  Uie  of  the  tree.    These  crystalline  deposits,  it  would  seem,  must 

bav^  a  stiffening  effect,  and,  if  present  in  sufficient  quantity  to  fill 

coim.{>letely  the  cell  or  to  bridge  it  at  any  point,  should  add  quite 

Tnati^iially  to  the  rigidity  of  the  cell,  as  latticing  adds  to  the  rigidity 

of  stiriietural  compression  members. 

^KLATIVB   RATES  OP  MOISTURE   PENETRATION   LONGITUDINALLY 

18  Only  the  rate  of  penetration  in  the  direction  of  the  fiber  was 
investigated.  The  specimens,  in  the  form  of  blocks  2  in.  by  2  in.  by  8 
in.  were  subjected  to  the  desired  treatment  for  periods  ranging  from 
one  hour  to  117  hours.  At  the  end  of  the  period  of  treatment  the 
moisture  content  was  obtained  as  previously  described. 

19  While  the  relative  behaviors  of  the  pine  and  fir  show  certain 
points  of  similarity  with  regard  to  their  reabsorption  from  both  satu- 
rated air  and  from  water,  yet  certain  details  are  sufficiently  variant 
to  warrant  a  separate  discussion. 

20  Reabsorption  When  Exposed  to  Saturated  Air  at  120  Deg.  Fahr. 
The  specimens  were  treated  by  placing  them  on  a  grid  just  above  the 
surface  of  hot  water  in  a  covered  steamer  freely  vented  to  the  air.  It 
was  found  possible  to  maintain  the  temperature  of  the  vapor  in  the 
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steamer  within  the  limits  of  2  deg.  fahr.  variation  during  the  longest 
period  of  treatment,  namely,  24  hours. 

21  Fig.  2  shows  the  reabsorption  of  the  specimens  during  periods 
of  1,  3,  9,  and  24  hours  of  treatment.  The  curves  take  a  hyperbohc 
form  and  it  will  be  noted  that  in  every  case  except  that  for  the  1-hr. 
treatment  the  reabsorption  by  the  fir  is  much  in  excess  of  that  by  the 
pine.    It  has  seemed  best  to  plot  the  reabsorption  in  terms  of  the 


i 
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■J  g  PENETRATION  ,  IHCtiea 

D  Saturated 

P-l  iodious  pina  untad  1  br.;  r.«Br  (ruMfihr.;  oUur  lymboli  to  b*  dmllulr  Intopreied 

moisture  content  in  excess  of  that  present  in  the  air-dried  condition 
rather  than  the  absolute  moisture  content.  This  was  done  to  elimi- 
nate if  possible  any  variation  of  hygroscopic  action  inherent  in  the 
specimen  due  to  structural  peculiarities. 

22  Referring  to  curves  P-1  and  F-1  representing  the  conditi<»i8 
at  the  end  of  an  hour's  treatment,  it  will  be  noticed  that  no  reab- 
sorption was  manifest  beyond  a  point  approximately  1}  in.  from 
the  end.    The  curves  FS  and  PS,  showing  the  effect  of  8  houn' 


IBTINa   H.   COWDBET 


treatment,  clearly  indicate  some  abeorption,  even  at  a  distance  of 
4  in.  from  the  exposed  end  grain.  This  furnishes  a  very  strikii^ 
example  of  the  extreme  rapidity  with  which  moisture  will  penetrate 
aloug  the  grain  of  timber  when  it  is  exposed  to  the  action  of  hot, 


;5  ^  PEMETRATION  ,  INCHES 

'jQ,  3    Reabsobftton  of  Specdienb  when  Coupletely  Iumebsed 
M  Fkebh  Watbe  at  70  Dbg.  Fahs. 

P-ti  iadicBUia  piae  treated  24  hi.;  F-iS,  Gi  treated  4B  hr.;  other  aymboli  to  be 


23  It  should  be  noted  that  in  none  of  the  treatments  did  the  re- 
absorption  become  greater  than  12  per  cent  average  moisture  in  the 
first  J  in.  from  the  end.  With  the  air-dry  condition  of  8  per  cent  of 
moisture  or  less,  giving  a  total  moisture  of  20  per  cent  or  less,  it  would 
seem  that  the  fiber-saturation  point  was  not  attained.  However, 
the  point  plotted  represents  the  average  only  for  the  first  i  in.,  and 
as  the  plots  show,  the  moisture  content  decreases  very  rapidly  at 
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first;  hence  it  seems  fair  to  presume  that  the  walls  of  the  cells  im- 
mediately adjacent  to  the  surface  may  have  reached  the  point  of 
saturation.  From  this  it  might  be^  inferred  that  saturated  air  at 
120  deg.  fahr.  is  capable  of  producing  fiber  saturation.  It  seems  also 
reasonable  to  suppose  that  if  the  treatment  were  continued  for  a 
period  of  sufficient  length  this  condition  might  extend  throughout 
the  timber  regardless  of  siae.  The  logical  conclusion  to  be  drawn 
from  this  leads  to  the  statement  that  timbers  9ul^eded  to  the  action  of 
saturated  air  at  120  deg.  fahr.  mtut  be  designed  an  a  basis  of  con^nts 
determined  from  (eato  on  green  timber. 

24  Reabsorption  When  Completely  Immersed  in  Fresh  Water  at 
70  Deg.  Fahr.  The  specimens  in  this  series  were  treated  by  inunersion 
in  a  tank  of  water  in  which  continuous  renewal  was  maintained  at 
such  a  rate  that  an  entire  change  was  effected  at  least  once  each  24 
hours.  Temperature  regulation  was  arranged  to  keep  the  water  at 
70  d^.  fahr. 

25  Reabsorption  tests  were  made  at  the  end  of  1,  24,  48,  72  and 
117  hours.  The  observations  were  all  concordant  and  hence  only 
the  data  obtained  from  the  24-,  48-  and  117-hour  periods  have  been 
plotted  in  Fig.  3.  Here  the  relative  reabsorptive  powers  of  pine  and 
fir  are  much  more  nearly  alike  than  in  the  case  of  the  treatment  in 
saturated  air.  Yet  even  here  it  will  be  noted  that  in  all  cases  the 
reabsorptive  power  of  the  fir  is  sUghtly  greater  than  that  of  the  jnne. 

26  The  effect  of  capillarity  will  almost  immediately  fill  the  open- 
ended  cavities  of  the  g«11s  and  canals  at  the  exposed  surface  erf  an 
immersed  stick.  Hence  the  first  quarter  inch  shows  a  total  moisture 
content,  even  after  a  single  hour's  immersion,  far  above  that  neces- 
sary for  fiber  saturation.  (Data  not  shown  in  Fig.  3.)  This,  how- 
ever, does  not  indicate  the  speed  at  which  fiber  saturation  is  actually 
attained,  and  since  there  seems  to  be  no  means  of  differ^itiating  i!be 
two  conditions  of  included  moisture,  9uch  a  determination  does  not 
seem  possible. 

27  While  the  time  required  for  fiber  saturation  is  not  definite 
in  the  case  of  timber  immersed  in  water,  yet  an  inspection  of  the 
curves  of  Fig.  3  shows  clearly  that  such  saturation  undoubtedly 
occurs  and  that  it  is  only  a  matter  of  time  whether  in  the  case  oi  ccd- 
umns  or  beams  of  timber,  even  though  previously  air-dried,  for  tbem 
to  be  reduced  to  the  character  of  green  wood.  It  would  seem,  then, 
that  conclusions  relative  to  the  design  of  timber  liable  to  submersioii 
are  similar  to  those  drawn  in  Par.  25  at  the  close  of  the  discussioo 
of  the  effect  of  treatment  by  saturated  air. 
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28  CcmparUon  of  Figs.  2  and  3  beyond  the  first  half  inch  from 
the  exposed  end  shows  that  the  rapidity  of  reabsorption  is  much  less 
when  the  wood  is  immersed  in  water  at  70  deg.  f ahr.  than  when  ex- 
posed to  air  saturated  at  120  deg.  fahr.  In  detail  it  will  be  noted  that 
24  hours  in  water  are  required  to  produce  approximately  the  same  re- 
^^rption  as  3  hours'  treatment  in  moist  air,  and  that  the  reabsorp- 
^*on  after  48  hours'  submersion  is  approximately  that  attained  dur- 
^  a  24-hour  exposure  to  moist  air. 

SFFBCT  OF  BSABSOBPTION  ON  THE  GOMPRB88IYB  8TBBNGTH 

29  As  previously  noted,  the  blocks  under  investigation  were 
^i^^&ted  in  the  form  of  specimens  2  in.  by  2  in.  by  8  in.  After  treat- 
meQ.t  a  section  1  in.  thick  was  removed  from  each  end,  tiius  giving  a 
sp^ojmen  6  in.  long  for  the  compression  tests.  The  ends  were 
squcured  in  a  metal  miter  box  so  that  the  faces  subjected  to  pressure 
^^^"^  as  nearly  parallel  as  possible.  The  failure  of  the  specimens 
^ovald  indicate  a  pure  compression  stress. 

30  After  failure  a  quarter-inch  section  was  removed  from  the 
sp^oimen  at  the  point  of  fracture,  and  f rcmi  this  the  moisture  content 
W&8  obtained  as  previously  described. 

31  Figs.  4  and  5  have  been  prepared  to  show  the  relations,  if  any 
exist;,  between  the  actual  moisture  content  and  the  crushing  strength 
of  t;]ie  two  woods  under  discussion. 

32  All  of  the  fir  tested,  with  two  exceptions,  showed  from  12  to 

17  i*ings  per  inch  measured  radially.    Of  these  exceptions  one  showed 

10  stnd  the  other  20  rings  per  inch.    The  siunmer  wood  comprised 

{TOm  30  to  60  per  cent  of  the  total  growth,  about  one-half  the  total 

number  of  specimens  containing  between  40  and  50  per  cent  of  summer 

growth.    The  air-dry  density  ranged  between  31  and  36  lb.  per  cu.  ft. 

33    The  pine  under  investigation  (with  the  exception  of  three 
specimens  noted  later  and  marked  S  on  Fig.  5)  showed  from  7  to  10 
ringB  per  inch  measured  radially.    The  summer  wood  ranged  from  30 
to  50  per  cent  of  the  total  growth,  except  in  specimens  S.    The  air- 
dry  density,  except  for  specimens  S,  was  between  32  and  36  lb.  per 
cu,  ft. 

34  Specimens  S  (three  in  number,  see  Fig.  5)  had  but  6  rings  per 
inch)  showing  only  25  per  cent  of  summer  wood,  and  had  an  air-dry 
density  of  about  30  lb.  per  cu.  ft.  It  is  evident  that  the  wood  from 
which  these  were  cut  should  be  classed  as  "sound"  rather  than  as 
"dense''  southern  pine  according  to  the  A.  S.  T.  M.  standards. 
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35  The  moiflture-etTength  relations  for  the  fir  and  pine  vill  now 
be  taken  up  separately  and  later  compared. 

36  Douglas  Fir  (see  Fig.  4).  The  most  superficial  glance  at  the 
plotted  data  will  very  clearly  show  that  the  compressive  strength 
of  the  wood  falls  as  the  moisture  content  increases.  While  mathe- 
matical methods  are  possible  in  the  establishment  of  such  a  curve, 
such  a  method  of  investigation  seems  hardly  warranted  in  tiaa  in- 
stance. The  curve  drawn  is  assumed  by  the  writer  to  be  fair^  repre- 
sentative and  is  at  least  indicative  of  certain  fundamental  relations. 

37  The  data  were  obtained  as  previously  explained  from  teste 
made  on  specimens  subjected  to  radically  different  treatments.    In 
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Fio.  4    RSI.ATIOK  Dbtwxzm  Moibtobs  Content  and  CxcBHiNa 
Strenoth  of  Douqlas  Fib 

the  case  of  the  fir,  nevertheless,  the  resulting  graph  is  evidently  a  con- 
tinuous line.  The  incUnation  is  somewhat  sharper  with  the  lower 
moisture  contents  and  Battens  out,  becoming  approximate^  hori- 
zontal at  a  moisture  content  of  about  25  per  cent.  This  correeponds 
very  closely  with  the  fiber-saturaiion  point  previously  referred  to  aod 
would  seem  to  bear  out  the  existing  theory  that  only  the  "imlnbed" 
moisture  affects  the  strength  in  compression. 

38  While  it  must  be  kept  in  mind  that  the  values  of  the  strengths 
here  recorded  are  in  no  way  indicative  of  the  proper  constants  for  use 
in  design,  yet  it  is  felt  that  certain  of  the  relations  apparent  are  of 
fundamental  truth.  It  will  be  noted  that  the  treatment  of  wood  by 
ex[>osure  to  air  saturated  at  a  temperature  of  120  d^.  fahr.  remilta  in 
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a  compressive  strength  of  about  25  per  cent  less  than  the  strength  of 
auxlry  timber.  This  reduction  appears  at  about  14  per  cent  moisture 
content. 

39  Submersion  in  water  at  70  deg.  fahr.  for  a  period  of  117  hours 
produces  at  the  point  of  fracture'  a  moisture  content  of  26  per  cent, 
thereby  reducing  the  strei^h  to  a  value  about  40  per  cent  below  that 
for  ai>dry  wood  of  the  same  quality. 

40  Ydlow  Pine  (see  Fig.  5).  The  data  recorded  in  Fig.  5  offer 
certain  marked  variations  from  those  shown  for  fir  in  Fig.  4,  the  curve 
for  which  has  been  tjansposed  to  this  plot  as  a  dash  line.  It  is  very 
obvious  that  the  data  obtained  from  the  pine  yield  plotted  points 
which  cannot  be  satisfactorily  represented  by  a  single  line.    The 
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Fig.  5    ReiAtiok  Between  MoreTUHB  Content  and  CsueHiNa 
Strength  of  Yellow  Pine 

data  from  the  water-soaked  specimen,  marked  W,  yield  a  fairly  de- 
terminate curve.  The  data  from  the  specimens  exposed  to  the  moist 
^1  marked  A,  might  be  reasonably  well  represented  by  a  variety  of 
lines.  However,  it  seems  fair  to  presume  that  the  two  hnes  will  be 
of  the  same  general  type  even  though  they  are  discontinuous.  Such 
lias  been  the  assumption  used  as  a  guide  in  drawing  the  representative 
lines. 

41  The  generalizations  for  the  pine  are  quite  similar  to  those 
drawn  from  the  graph  characteristic  of  the  effect  of  reabsorption  by 
the  fir.  The  decrease  in  strength  is  at  first  quite  rapid  with  the  in- 
crease of  moisture  content.  It  later  flattens,  becoming  nearly  hori- 
zontal at  about  25  per  cent  moisture  content,  again  indicating  this 
value  as  the  fiber-saturation  point. 
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42  The  rate  of  decrease  in  strength  seems  to  be  more  rapid  for 
yellow  pine  than  for  fir.  In  the  case  of  the  sp^imens  investigated 
this  decrease  becomes  about  35  per  cent  after  24  hours'  exponue  to 
air  saturated  at  120  deg.  fahr.  It  is  only  fair  to  suggest  that  this  de- 
crease may  not  be  due  entirely  to  moisture,  which  point  is  discussed 
in  Pars.  47-49. 

43  Due  to  the  extremely  rapid  reabsorption,  no  points  were  ob- 
tained for  the  soaked  specimens  between  the  air-dry  condition  and 
about  14  per  cent  of  moisture.  The  graph  W  as  drawn,  however,  if 
extrapolated  as  a  straight  line  will  pass  very  close  to  the  data  obtained 
from  the  air-dry  material.  *  This  graph  shows  that  the  moisture  con- 
tent of  about  25  per  cent  which  was  present  1  in.  from  the  ezpoeed 
end  after  a  soaking  of  117  hours,  resulted  in  a  strength  nearly  60  per 
cent  below  the  strength  of  the  air^lry  material. 

44  Reasons  for  the  DiscorUinuity  of  the  Graph.  The  wood  treated 
in  the  moist  air  at  120  deg.  fahr.  was  tested  immediately  upon  re- 
moval from  the  steamer.  It  was  warm  when  subjected  to  pressure; 
in  some  cases  the  temperature  of  the  inner  portions  was  probably  at 
least  100  deg.  fahr.  Pine  is  a  very  resinous  wood.  At  the  tempera- 
tures maintained  this  resinous  material  will  soften,  and  some  of  the 
normally  solid  constituents  will  undoubtedly  become  actually  lique- 
fied. The  portions  normally  in  the  state  of  a  liquid  of  hi{^  viseosity 
will  undoubtedly  have  their  viscosity  considerably  lowered.  The 
effect  of  this  action  will  be  that  of  a  general  removal  of  the  stiffening 
action  of  the  cell  contents  and  a  possible  lubricating  effect  tending  to 
permit  a  greater  freedom  of  movement  between  ceUs  which  are  poorly 
adherent  because  of  incidents  of  growth.  This  effect  is  additive  to 
the  general  effect  of  the  absorption  of  moisture  and  may  wdl  eqdain 
the  sharp  pitch  of  the  curve  A. 

45  The  temperature  of  the  water  (70  deg.  fahr.)  used  for  the 
soaking  treatment  is  probably  insufficient  to  produce  the  above-noted 
effect.  In  fact,  the  temperature  is  approximately  that  at  iddch  the 
air-dry  specimens'  were  tested.  It  would  Bean,  theiii  that  the  tem- 
perature factor  may  reasonably  be  eliminated  from  a  diseussion  <rf 
the  curve  W.  If  such  be  the  case,  it  is  to  be  expected  that  a  given 
moisture  content  when  obtained  in  the  water  at  70  deg.  fahr.  will  show 
a  less^narked  weakening  effect  than  does  the  same  moisture  content 
when  resulting  from  exposure  to  moist  air  at  1 20  deg.  fahr.  Ofaeerving 
the  conditions  at  a  moisture  of  14  per  cent,  such  is  found  to  be  the 
case.  The  difference  between  the  ordinates  of  curves  A  and  W  at 
this  degree  of  satiu^tion  may  well  be  taken  to  represent  the 
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ing  effect  of  heat  due  to  softening  of  the  resinous  compounds  by  a 
heating  for  24  hours  at  120  deg.  fahr. 

46  Since  the  quantity  of  resinous  matter  in  the  Douglas  fir  is 
much  less  than  that  in  the  pine,  this  temperature  effect  would  doubt- 
less be  absent  and  the  resulting  graph  be  a  continuous  ciure,  as  was 
found  to  be  the  case. 

47  The  specimens  giving  the  points  marked  S  are  of  considerable 
interest  as  an  exemplification  of  the  fact  that  wood  of  coarse  growth, 
low  percentage  of  sunmier  wood  and  corresponding  lesser  density 
yields  a  lower  compressive  strength  than  when  the  reverse  conditions 
obtain.  Though  the  number  of  pieces  coming  in  this  category  is 
small,  yet  the  facts  point  strongly  toward  a  justification  of  the  ac- 
ceptance of  the  so-called  "  density  rule  "  of  the  standards  of  the  Ameri- 
can Society  for  Testing  Materials. 

COMPARISONS  AND  GENERAL  CONCLUSIONS 

48  In  the  interpretation  and  subsequent  use  of  the  data  fur- 
nished in  this  paper,  it  must  be  kept  in  mind  that  the  specimens  tested 
were  bought  in  the  open  market  of  Boston;  that  no  special  selection 
of  material  was  made  except  so  far  as  was  necessary  to  obtain  speci- 
mens of  reasonably  straight  grain,  free  from  knots  and  serious  de- 
fects; that  tests  were  made  on  small  specimens,  limited  in  number  and 
selected  from  a  Very  small  initial  quantity  of  lumber;  that  in  conse- 
quence of  the  above  facts  the  results  must  be  considered  comparative 
and  qualitative  rather  than  definitely  quantitative. 

49  With  all  the  above  in  mind,  an  analysis  of  the  preceding 
data  as  shown  by  the  accompanying  plots  seems  to  justify  the  follow- 
ing statements: 

In  the  air-dry  condition  with  approximately  equal  moisture 
contents  the  compressive  strength  of  hard  pine  is  about 
25  per  cent  greater  than  that  of  Douglas  fir. 

When  exposed  to  air  saturated  with  water  vapor  at  120  deg. 
fahr.  and  when  immersed  in  fresh  water  at  70  deg.  fahr. 
the  moisture  reabsorption  of  air-dried  fir  is  greater  and 
more  rapid  than  that  of  pine. 

The  temperature  effect  on  strength  decrease  is  of  more  im- 
portance on  pine  than  on  fir. 

Pine  shows  a  more  rapid  decrease  in  strength  with  the  mois- 
ture increase  than  does  fir.  [The  more  rapid  reabsorption 
by  fir  tends  to  offset  this  effect  when  the  time  element  is 
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used  as  a  basis,  so  that  for  a  given  time  of  treatment  the 
pine  remains  the  stronger  although  the  strengths  tend  to 
approach  each  other  with  more  extended  treatment.] 
For  moisture  contents  above  11  per  cent  when  due  to  re- 
absorption  from  air  saturated  at  120  deg.  fahr.,  the  fir  is 
stronger  in  compression  than  is  the  pine.  The  same  re- 
lation appears  for  moisture  contents  greater  than  20  per 
cent  when  due  to  soaking  in  fresh  water  at  70  deg.  fahr. 
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SYSTEM 
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In  this  paper  the  author  oiUlines  the  foundry  cost  and  accounting  system  which 
has  been  developed  as  a  residt  of  experiments  carried  on  in  connection  with  the 
commercial  foundry  at  the  Worcester  Polytechnic  Institute, 

The  system,  it  is  stated,  is  ffiving  good  saiisf action,  the  results  being  fairly  accurate 
and  the  comparaUve  monthly  data  which  it  keeps  before  the  foundry  officials  having 
been  found  to  be  thoroughly  rdiahle  as  a  signed  system.  AU  of  the  work  involved  can 
be  done  by  the  regular  clerical  force  in  a  small  amount  of  extra  time,  and  the  services 
of  an  expert  accountant  are  not  required. 

'T^HE  work  in  Shop  Management  at  the  Worcester  Polytechnic 
Institute  is  in  the  nature  of  a  laboratory  course,  and  experi- 
mental work  in  accounting  and  cost  keeping  is  made  possible  by  the 
commercial  foundry  and  machine  shop  of  the  Institute,  known  as  the 
Washburn  Shops. 

2  The  object  of  this  paper  is  to  present  an  outline  of  the  foundry 
cost  and  accounting  system  which  has  been  developed  as  a  result  of 
the  experiments  carried  on  in  connection  with  the  commercial  foundry 
at  the  Institute. 

3  The  first  problem  was  to  determine  the  number  of  independent 
variables  and  how  the  dependent  ones  were  related  to  them.  After 
several  years  of  experimental  work  it  was  decided  that  the  three  most 
important  items  were  Core  Labor,  Molding  Labor,  and  Pounds  of 
Castings  Produced,  and  that  each  of  the  other  items  of  cost  was  a 
fmiction  of  some  one  of  these  three  independent  items. 

4  Ledger  accounts  were  opened  for  each  one  of  the  items,  and  by 
careful  inventories  at  the  beginning  and  end  of  each  year  the  exact 
annual  cost  for  each  item  was  worked  out. 
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5  The  next  problem  was  to  detennine  a  proper  production 
credit  for  the  individual  accounts  for  each  month,  based  on  factors 
secured  by  previous  records.  The  general  scheme  being  to  charge  an 
account  with  the  amount  of  the  purchases  for  that  month  and  credit 
it  with  a  fair  estimate  of  what  ought  to  have  been  used  for  that 
month's  work.  The  ledger  balance  at  the  end  of  each  month  gives 
a  book  inventory  for  that  account.  These  production  credits  are 
charged  to  another  account,  as  will  be  explained  later. 

6  All  expenses  are  charged  to  the  Expense  Account  and  the 
production  credit  for  expense  ought  to  be  large  enough  to  more  than 
balance  the  charges,  thus  creating  a  balance  to  the  good,  known  as 
Expense  Reserve. 

7  In  other  words,  every  ledger  account  is  an  exact  record  of 
costs  for  the  year,  while  each  monthly  balance  has  a  definite  meaning. 

CORE  WORK 

8  The  material  required  for  core  work  was  found  to  average 
about  30  per  cent  of  the  core  labor,  hence  to  make  the  production 
credit  for  core  work  for  a  month  it  was  only  necessary  to  secure  from 
the  payrolls  the  amount  paid  to  the  core  makers  for  that  month  and 
add  30  per  cent  for  the  supplies  used.  Unfortunately,  this  did  not 
work  well  at  first,  as  the  payrolls  are  made  out  weekly  and  not 
monthly.  It  was  decided  that  the  proper  period  for  the  foundry 
records  was  once  each  month,  as  it  was  desired  to  tie  it  up  with  the 
regular  accounting  system,  with  its  monthly  trial  balance.  It  was 
therefore  necessary  to  start  a  spUt  payroll  system  for  all  weeks  having 
one  or  more  dayB  in  two  different  months. 

MOLDING 

9  All  of  the  items  of  cost  in  the  foundry  excepting  the  metal, 
melting  and  core  work,  were  divided  into  two  classes:  SuppUes,  or  all 
the  materials  used  in  connection  with  molding,  such  as  sand,  facing, 
etc.,  and  Expense,  or  all  charges  for  management,  office  work,  power 
and  other  overhead  items,  cleaning,  flasks,  etc.  For  several  years 
the  expense  account  was  subdivided,  but  it  was  found  to  be  unneoes- 
sary  for  our  foundry. 

10  At  the  present  time  we  are  basing  our  production  credits  for 
supplies  on  6  per  cent  of  the  molding  labor  and  the  expense  on  75 
per  cent,  the  molding  labor  for  the  month  being  secured  from  the 
payrolls,  all  of  the  molders  being  grouped  for  this  purpose. 
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METAL  AND  MELTING 

11  In  order  to  secure  the  exact  tonnage  for  each  month  it  was 
found  necessary  to  make  an  inventory  on  the  first  of  each  month  of 
the  castings  on  hand.  This,  however,  is  only  a  close  estimate  of  the 
weight  of  these  castings.  A  record  of  the  castings  sold  during  the 
month  gives  the  tonnage  also.  Correcting  this  for  the  change  in  the 
inventory  of  castings,  gives  the  production  in  pounds  for  the  month. 

12  The  cost  of  melting  was  foimd  to  vary  directly  with  the 
pounds  of  castings  produced,  and  therefore  the  melting  production 
credit  for  the  castings  produced  each  month  is  found  by  multiplying 
ihe  pounds  produced  by  the  melting  factor,  which  at  present  is  30 
cents  per  100  lb. 

13  A  careful  record  for  a  number  of  years  of  the  castings  pro- 
duced and  of  the  pig  and  scrap  used,  gives  the  data  for  the  factors  to 
be  onployed  in  making  up  the  production  credits  for  the  metal  used 
each  month.  At  present  we  use  75  per  cent  of  the  pounds  produced 
as  the  proper  weight  of  pig  iron,  and  37^  per  cent  for  scrap  iron. 
These  factors  take  care  of  the  shrinkage  and  the  defective  castings, 
as  these  are  replaced  without  credit  to  the  foundry. 

14  Knowing  the  weight  and  cost  of  the  pig  iron  purchased  each 
month,  this  cost  including  all  charges  for  freight  and  teaming,  the 
cost  per  100  lb.  is  made  up.  Multiplying  this  by  75  per  cent  of  the 
pounds  produced,  we  have  the  production  credit  for  pig  iron.  The 
production  credit  for  scrap  iron  is  worked  out  in  the  same  way. 

15  The  problem  of  handling  the  difference  between  the  material 
purchased  and  what  was  actually  used  was  solved  by  making  the 
ledger  balance  a  book  inventory  for  material  accounts  and  a  reserve 
for  the  expense  account,  as  stated. 

16  The  next  problem  of  how  to  adjust  the  difference  between 
the  castings  sold  and  the  castings  produced  was  solved  as  follows: 

17  Two  ledger  accounts  were  opened  —  Foundry  Sales  and 
Foundry  Production.  The  first  is  credited  with  the  monthly  sales 
and  charged  with  the  factor  cost  of  the  castings  sold.  The  balance 
of  this  account  is  the  factor  gain  and  gives  a  definite  line  on  the 
profits. 

18  Foundry  Production  is  charged  each  month  with  the  total 
amount  of  the  production  credits  and  credited  with  the  factor  cost 
of  the  castings  sold,  the  monthly  ledger  balance  giving  the  value  of 
the  castings  on  hand.  In  fact,  the  value  of  the  castings  on  hand  is 
worked  up  first  from  the  inventory  made  on  the  first  of  each  month, 


70 


A  FOUNDRY   COST  AND  ACCOUNTING   STSTBM 


and  the  factor  cost  of  castings  sold  is  simply  the  amount  required  to 
make  the  account  show  the  proper  balance. 

19  To  show  the  exact  working  of  this  system,  the  figures  for 
three  months  will  be  given  —  a  good  month,  a  fair  month,  and  a  poor 
one.  As  these  months  did  not  come  in  this  exact  order,  it  was 
necessary  to  make  a  few  changes  in  the  figures,  but  they  are  sub- 
stantially an  exact  record. 

20  Starting  with  a  clear  record  on  July  1,  with  no  castings  on 
hand,  we  have: 

Balance  Sheet,  July  1 


AB8ETB 

Bills  receivable $13,187.20 

Cash 6,331.06 

Metal  and  supplies 1,333 .03 

Equipment 5,000.00 

$25,851.29 


LIABILITIB8 

Capital $20,000.00 

Surplus 3,654.13 

Bills  payable 2,197.16 

$25,851.29 


21  The  inventory  on  August  1  gave  3500  lb.  of  castings  on  hand, 
the  sales  record  gave  122,541  lb.  sold,  the  production  was  therefore 
126,041  lb.  The  core  labor  was  $443.89  and  the  molding  labor 
$1863.84.  117,180  lb.  of  pig  iron  cost  $2381.86  and  the  scrap  iron 
cost  $1.50  per  hundred  ddivered  in  the  yard.  These  are  all  of  the 
data  necessary  for  making  up  the  following: 

MONTHLT  FOTTNDRT  RbCOBD,  JuLT 


PurohaMt 


$   443.89 

127.00 
1,863.84 

156.29 
1,303.03 

612.17 
2,381.86 

737.62 


$7,625.70 


Diriiion 


100% 

30% 

100% 

6% 
75% 
30^ 
75% 
$1.50  per  100  scrap  iron 37i% 

Total 


Core  labor 

Supplies 

Molding  labor 

Supplies 

Expense 

Metal  —  melting. . . 
117,1801b.  pig  iron. 


Fkotor 


Ptrodaetion 
oradito 


$443.89 

133.17 
1,863.84 

111.83 
1,397.88 

378.12 
1,918.98 

708.98 


Factor  Cost  of  Production $6,966.69 


22  The  factor  cost  was  $5.52  per  100  lb.  for  castings  produced 
and  the  castings  on  hand  at  the  end  of  the  month  were  valued  at  this 
rate.  3500  lb.  at  $5.52  gives  a  correction  of  $193.20.  This  is  the 
difference  in  the  value  of  castings  on  hand  at  the  beginning  and  end 
of  July. 
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Factor  cost  of  production $6,956.69 

Cknrectioii 193.20 

Factor  cost  of  castrngps  sold 6,763.49 

Saks  for  July 7,350.31 

Factor  gain  f<»r  July $586.82 

23  The  Expense  Reserve  is  found  by  subtracting  the  charges 
$1303.03  from  the  credits  $1397.88,  giving  $94.85  for  the  month. 

24  The  trial  balance  of  the  ledger  gives  the  necessary  data  for 
the  following: 

Balance  Sheet,  Jxtlt  31 

liabiutees 

Capital $20,000.00 

Sumlus 3,654.13 

Bills  payable 2,542.10 

Expense  reserve 94.85 

Factor  gain 586.82 

$26,877.90 


BOb  receivable $13,288.31 

Cwh 6,299.50 

Outinei 193.20 

MeUl  and  supplies 2,096.89 

Equipment 5,000.00 

$26,877.90 


25  On  September  1  we  had  4000  lb.  of  castings  on  hand,  and 
sold  in  August  132,773  lb.  The  production  was  therefore  133,273 
lb.,  as  we  had  500  lb.  more  on  hand  at  the  end  of  the  month  tha^  at 
theb^inning. 

MoNTHLT  Foundry  Record,  August 


1 

1 

Pnrehasfls         |                               DiyiflioD 

1 

Factor 

Production 
credit 

1 

I  522.61       Core  labor 

100% 

30% 
100% 

6% 
75% 

30^ 

75% 

37J% 

$    522.61 

45.50           Supplies 

156.78 

1,968.90       Molding  labor 

1,968.90 

44.83       1    Supplies 

118.13 

l,42fi  54       !     KTpp.nf^ 

1,476.67 

382.21       Metal — melting 

399.82 

2,759.65       '107,620  lb.  pig  iron 

2,568.84 

701.70       $1.75  per  100  scrap  iron 

874.62 

17,852.04 


Total 


Factor  Cost  of  Production $8,086.37 


Inventory  correction 


$49.60 


Factor  cost  of  castings  sold . . 

August  sales 

Factor  gain  —  August 

Factor  gain  —  July  1-Aug.  1 


Factor  gain  —  July  1-Aug.  31 


$8,036.77 

8,179.51 

142.74 

586.82 

$729.56 
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26    The  Expense  Reserve  for  August  is  $1476.67  minus  $1426.04, 
or  $50.03,  making  the  total  Reserve,  August  31,  $144.88. 


Balance  Sheet,  Augttbt  31 


ASSETS 


Bills  receivable $14,016.50 

Cash 6,760.82 

Castings 242.80 

Metal  and  supplies 1,912.69 

Equipment 6,000.00 

$26,922.71 


LIABIUTEES 


Capital $20,000.00 

Surplus 3,654.13 

Bills  payable 2,394.14 

Expoise  reserve 144.88 

Factor  gain 729.56 

$26,922.71 


27  On  October  1  we  had  15,000  lb.  of  castings  on  hand  and  sold 
during  September  124,557  lb.  The  production  for  the  month  was 
therefore  135,557  lb. 


MoNTHLT  Foundry  Record,  September 


PurohMM 


$   642.00 

66.46 

2,016.70 

144.94 

1,326.68 

641.90 

2,834.86 

1,763.62 


$9,236.96 


DivisioD 


Core  labor 

Supplies 

Molding  lab  r 

Supplies 

Expense 

Metal  —  melting 

116,980  lb.  pig  iron 

$1.76  per  100  scrap  iron 


100% 

30% 

100% 

6% 

76% 

30^ 

75% 

37i% 


nodnetion 
ertdit 


$542.00 

162.60 
2,016.70 

121.00 
1,512.53 

406.67 
2,460.37 

889.60 


Total 


Factor  Cost  of  Production $8,111 .47 


Inventory  correction 


Factor  cost  of  castings  sold . . 

September  sales 

Factor  gain  —  September 

Factor  gain  —  July  1-Sept.  1 


Factor  gain  —  July  1-^pt.  30. 


$654.20 

$7,457,27 

7,485.76 

28.49 

729.56 

$758.05 


28  The  Expense  Reserve  for  September  is  $1512.53  minus 
$1326.58,  or  $185.95,  which  added  to  $144.88  makes  the  total 
Reserve  $330.83. 
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Baiancb  Sheet,  Septembeb  30 

ASSETS  liabilities 


BOb  recdvable $13,378.81 

Cidi 5,374.27 

CastingB 897.00 

Metal  and  supplies 3,223.02 

Equipment 5,000.00 

$27,873.10 


Capital $20,000.00 

Surplus 3,654.13 

Bills  payable 3,130.09 

Expense  reserve 330.83 

Factor  gain 758.05 

$27,873.10 


29  In  order  to  keep  comparative  data  before  the  foundry 
officials  and  aid  them  in  the  analysis  of  the  monthly  records,  the 
following  table  is  filled  in  as  soon  as  possible  after  the  first  of  each 
month: 

Monthly  Averages 


Prodoction,  lb 

No.  of  heats 

No.  of  molder  days 

Weight  per  heat,  lb 

Wt  per  molder  day 

Cost  of  molding 

.\vg.  pay  per  molder  day . 

Core  work  per  1001b 

Molding  and  expense 

Melting  and  metal 

Pnxluction  cost 

InTentory  correction. . . . 

Cost  of  castings  sold 

Selling  price 

Factor  gain 

Sales  total 

Factor  gain  month 

Per  cent  gain 

Eipense  reserve 

Rating 


Prafvions 


138,605 
24.5 
442 
5670 
314 
$1,644.82 
$3.72 
0.42' 
2.14 
1.53 
$4.09 


July 


$4.09 
$4  36 

0.27 
$6,093.60 
$375.46 

6.2 

$35.00 

Good 


126,041 

24 

467 

5250 

270 

$1,863.84 

$4.00 

0.46 

2.68 

2.38 

$5.52 

$5.52 
$6.00 

0.48 
$7,350.31 
$586.82 

8.0 

$94.85 
Good 


Aocust 


133,273 
24 

478 

5550 

279 

$1,968.90 

$4.12 

0.51 

2.67 

2.89 
$6.07 

0.02 
$6.05 
$6.16 

0.11 
$8,317.51 
$142.74 

1.7 

$50.03 

Fair 


September 


135,557 
25 

493 

5420 

275 

$2,016.70 

$4.09 

0.52 

2.69 

2.77 
$5.98 

0.01 
$5.99 
$6.01 

0.02 
$7,542.46 

$28.49 

0.4 
$185.95 

Poor 


30  In  order  to  keep  a  line  on  the  book  inventories,  the  following 
table  is  filled  in  each  month.  These  figures  show  the  changes  in  the 
several  accounts  and  indicate  in  a  way  how  the  factors  are  working. 
If  an  account  is  steadily  growing,  as  the  Pig  Iron  Account  shows  in 
this  table,  we  are  either  accumulating  pig  iron  or  the  factor  is  too 
small.    Ck)re  Supplies  here  shows  a  constantly  diminishing  amount 
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and  either  we  are  reducing  our  supplies  or  the  factor  is  too  large.  An 
exact  inventory  can  be  made  at  any  time  to  check  up  the  book  in- 
ventory and  a  change  made  in  the  factor  if  necessary. 


Inybntobibs  —  Mbtal  and  Suffubs 
momthlt  changss 


Core  supplies. . .. 
Molding  supplies 
Melting  supplies . 

Pig  iron 

Scrap  iron 


Net  change.. 

Beginning  of  month. 


End  of  month, 


July 


-6.17 

+44.46 

+234.05 

+462.88 

+28.64 


+763.86 
$1,333.03 


12,096.89 


Aucwt 


-111.28 

-73.30 

-17.61 

+190.81 

-172.92 


-184.30 
$2,096.89 


$1,912.59 


-97.14 

+23.94 

+135.23 

+374.48 

+873.92 


+M10.43 
$1,912.50 


$3,228.02 


31    The  following  samples  of  ledger  pages  will  show  just  how  the 

bookkeeping  is  done: 

FouNDBT  Sales 


July  31  Factor  cost  —  sales  $6,763.49 
Balance 586.82 


$7,350.31 


July31    Sales $7,860.81 


Aug.  1     Balance, 


$7,860.81 
586.88 


The  balance  of  this  account  gives  the  Factor  Gain  and  is  the  total  amoiint 
from  the  beginning  of  the  fiscal  year. 


FoUNDBT  PBODUCnON 


Aug.  1      Balance $   193.20 

31    Factor  cost  —  pro- 
duction      8,086.37 


Sept.  1     Balance 


$8,279.57 
242.80 


Aug.  31    Factor  cost — sales  $8,036.77 


Balance 


242.80 


$8,279.57 


The  balance  on  this  account  is  the  exact  inventory  of  the  eastingi  on 
hand,  valued  at  the  factor  cost  for  the  month. 
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Foundry  Expense 


Sept.  30  Purchases $1,326.58 

Balance 330.83 


$1,657.41 


Sept.l     Balance $   144.88 

Sept.  30   Production  credits     1,512.53 


Oct.  1      Balance 


$1,657.41 
330.83 


The  balance  on  this  account  is  the  amount  that  the  Reserve  has  built  up 
during  the  year. 


Pig  Iron 


Julyl     Balance $   331.20 

July31    Purchases 2,381.86 

$2,713.06 
Aug.  1    Balance 794.08 


July  31     Production  credit.   $1,918.98 
Balance 794.08 


$2,713.06 


The  balance  on  this  account  is  the  book  inventory  for  the  pig  iron  on 

hand. 

32  Thus  every  ledger  balance  has  a  definite  meaning,  either 
an  inventory,  a  reserve  or  a  gain,  and  the  complete  balance  sheet  for 
each  month  can  be  made  up  in  a  few  minutes  from  the  regular  trial 
balance.  All  of  the  work  can  be  done  by  the  regular  clerical  force 
and  requires  but  a  small  amount  of  extra  time.  No  expert  account- 
ant or  efficiency  engineer  is  needed. 

33  The  closing  of  the  books  at  the  end  of  the  fiscal  year  intro- 
duces several  interesting  problems. 

34  The  Molding  and  Core  Labor  Accounts  take  care  of  them- 
selves as  the  charges  and  credits  are  the  same  and  they  are  therefore 
always  balanced.  The  material  accounts  are  first  corrected  by 
introducing  the  exact  value  of  a  carefully  made  inventory.  This 
gives  us  the  real  cost  for  the  material  which  has  been  actually  used 
during  the  year.  The  next  step  is  to  adjust  the  production  credit 
for  the  twelve  months  to  the  final  charge.  The  difference  between 
the  two  sides  of  the  ledger  is  the  amount  of  the  adjustment  and  may 
be  either  plus  or  minus.  The  net  result  of  all  of  these  factor  adjust- 
ments is  carried  to  Expense  Reserve  and  will  either  increase  it  or 
decrease  it,  as  the  case  may  be. 

35  Bad  accounts,  depreciation  charges,  discounts,  premiums, 
special  expenses  or  any  other  accounts  which  need  to  be  absorbed, 
are  all  transferred  to  Expense  Reserve  and  the  net  balance  of  the 
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account  is  carried  to  Foundry  Sales  either  increasing  or  decreasing 
the  Factor  Gain  and  this  balance  then  becomes  thd  real  Sales  Gain 
for  the  year. 

36  The  question  of  the  cost  of  an  individual  job  will  not  be 
discussed  in  this  paper,  neither  will  the  method  of  estimating  the  cost 
of  a  lot  of  castings  on  which  a  bid  is  to  be  made.  They  are  both 
handled  in  the  same  general  way,  the  three  facts  core  labor,  molding 
labor  and  weight  of  castings  being  considered,  with  such  changes  in 
the  factors  as  may  seem  necessary  to  meet  the  conditions. 

37  In  conclusion,  we  would  say  that  the  S3rstem  as  outlined  is 
giving  good  satisfaction,  the  results  are  fairly  accurate,  and  the 
comparative  monthly  data  thoroughly  reliable  as  a  signal  system. 

DISCUSSION 

Ben  J.  D.  Fuller  (written).  The  cost  system  presented  by  the 
author  is  in  the  right  direction  and  probably  satisfactory  as  an 
accounting  guide  for  a  foundry  such  as  the  one  where  it  has  been 
applied;  but  in  my  estimation  it  does  not  go  deep  enough  to  be 
thoroughly  successful  in  accounting  for  the  costs  of  a  large  concern. 
Too  little  attention  is  paid  to  the  question  of  overhead  distribution, 
which  is  a  very  important  factor. 

Overhead  is  in  some  cost  systems  carried  entirely  as  a  percentage 
on  direct  labor  cost;  in  others  as  a  percentage  added  to  poundage  or 
weight.  A  more  equitable  distribution  is  to  divide,  carrying  a  per- 
centage on  labor  and  another  percentage  on  weight.  Some  castings 
require  an  excess  of  labor  for  a  minimum  of  weight,  in  which  case  the 
labor  overhead  would  be  the  larger  in  the  accounting,  and  justly  so. 
But  imagine  a  casting  of  excessive  weight  and  a  minimum  amoimt  of 
labor,  such  as  a  large  floor  plate  cast  in  open  sand.  Here  the  weight 
basis  of  overhead  would,  in  accounting,  rightly  carry  the  bulk  of  load. 

Cost  systems  giving  individual  casting  costs  are  much  more 
valuable  than  those  where  the  output  is  handled  in  bulk  or  weight 
classifications. 

In  Par.  3  it  is  stated  that  the  three  most  important  items  are 
core  labor,  molding  labor,  and  pounds  of  castings  produced.  To 
these  should  be  added  cleaning  labor,  which  varies  widely  in  cost 
with  the  class  of  work. 

Par.  5  says  that  in  the  general  scheme  used  an  accoimt  is  charged 
with  the  amount  of  the  purchases  made  during  the  month.  PajrroU 
charges  in  connection  should  not  be  forgotten. 
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In  Par.  6  it  is  said  that  all  expenses  are  charged  to  the  Expense 
Account.  There  should  be  sub-accounts  for  the  various  classes  of 
expense  to  care  properly  for  these  charges. 

The  items  Core  Work,  Molding,  and  Metal  and  Melting  which  the 
author  uses  in  his  records,  should  each  carry  a  share  of  building 
repairs,  light,  heat,  depreciation,  insurance,  taxes,  administration,  etc. 

RoBEBT  S.  Denham^  (written).  Product  of  whatever  kind, 
consists  of  materials  and  the  time  of  formative  processes.  In  this 
paper  the  material  is  Metal,  and  the  formative  processes  are  Core 
Making,  Molding  and  Melting. 

By  analysis  we  find  that  the  handling  of  materials  or  metal  in- 
volves the  expenses  of  transportation,  handling  labor,  rent  of  stock 
yard  or  room,  interest  and  insurance  on  investment  in  material, 
shrinkage,  etc. 

Analysis  of  the  formative  processes  will  show  that  each  requires 
more  or  less  of  the  following  expenses:  Rent,  heat,  building  repairs; 
depreciation,  interest,  insurance  and  taxes  on  equipment;  power, 
light,  water,  ice,  compensation  insurance,  suppUes;  repairs  to  equip- 
ment, wages  of  workmen,  etc. 

Administration  and  selling  expenses  include  salaries,  advertising, 
office  supplies,  telephones,  bad  accounts  and  collection  expenses, 
discounts,  traveling  expenses,  commissions,  etc. 

Further,  there  must  be  consideration  of  the  expenses  of  packing 
and  delivering  the  product  to  the  local  consumer  or  freight  house. 

The  author  arbitrarily  selects  the  process  of  core  making  and 
charges  it  with  the  expenses  of  wages  and  supplies,  the  latter  being 
charged  on  the  basis  of  30  cents  to  each  dollar  of  wages  paid  to  core- 
makers.  None  of  the  other  expenses  is  considered  in  connection 
^"ith  core  making. 

He  then  burdens  the  molding  with  all  of  the  other  expenses  of  the 
business,  including  all  of  the  operating  and  administrative  expenses 
required  by  the  core  making  and  melting  except  an  unexplained 
charge  of  30  cents  per  100  lb.  on  the  melting  process.  His  basis  for 
the  charge  of  this  mass  of  unrelated  items  is  the  wages  of  the  molders. 

For  some  reason,  also  unexplained,  he  selects  the  items  of  supplies 
from  the  mass  and  charges  for  these  at  the  rate  of  6  per  cent,  while 
what  he  calls  *' Expense"  is  charged  at  the  rate  of  75  per  cent  on  the 
wages  of  molders.  Since  both  have  the  same  basis  in  his  plan,  the 
same  result  would  be  obtained  by  a  single  charge  of  81  per  cent. 

^  Consulting  Cost  Engineer,  Cleveland,  Ohio. 
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A  practical  degree  of  exactness  is  essential  in  a  matter  as  vital  as 
the  cost  of  production,  and  the  writer  holds  the  following  principles 
to  be  fundamental: 

1  The  cost  of  an  item  of  production  is  the  sum  of  the  expenses 

involved  in  its  production  and  distribution  up  to  the 
moment  at  which  cost  is  determined. 

2  Every  cost  element  (expense  item)  is  definite  in  amount 

and  purpose,  and  anticipates  a  beneficial  equivalent  in 
service  or  commodity. 

3  In  the  distribution  or  charging  of  expenses  consideration 

should  be  given  to  the  benefit  derived,  so  that  the  charges 
may  be  justly  assessed  where  the  benefit  is  conferred  and 
in  true  proportion  to  the  measure  of  benefit. 

If  each  of  the  above-mentioned  items  of  expense  be  now  considered 
it  will  be  found  that  not  one  of  them  bears  a  relation  to  wages  such 
that  the  benefit  conferred  by  the  expenditure  increases  or  decreases 
with  fluctuation  in  wages,  or  as  between  the  product  of  men  receiving 
different  rates  of  wages.  Neither  is  there  a  relation  between  the 
wages  paid  and  the  total  of  these  items  which  is  applicable  to  the 
product  of  the  workmen. 

The  correct  determination  of  cost  of  product  can  be  accomplished 
only  through  the  comparatively  new  analytical  method  known  as 
"cost  engineering,"  in  which  each  process  is  considered  separately 
and  each  item  of  expense  individually  applied  by  measurement  so 
that  expense  and  benefit  are  in  identical  proportions,  making  it 
impossible  for  one  process  to  carry  any  of  the  expense  belonging  to 
another. 

Robert  E.  Newcomb  (written).  It  is  axiomatic  that  in  the 
management  of  any  business,  facts,  not  surmises,  must  form  the 
basis  of  operating. 

While  the  costs  of  core  materials,  molding  materials,  expense 
and  melting  assumed  in  the  paper  may  be  functions  respectively  of 
the  core  labor,  molding  labor  and  pounds  of  castings  produced,  they 
are  at  the  same  time  variable  functions  and  hence,  basically,  surmises 
which  cannot  form  an  accurate  "basis  for  operating. 

The  object  of  cost  accounting  is  to  establish  and  fix  profits,  and 
a  cost  system  should  strive  to  get  the  absolute  facts  and  figures.  To 
arrive  at  proper  cost  the  following  well-established  formulae  must 
be  used: 
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Cost  of  Material  +  Direct  Labor  =  Prime  Cost 
Prime  Cost  +  Direct  Factory  Expense  =  Factory  C!ost 
Factory  Cost  +  General  Ebcpense  =  Cost  to  Make 
Cost  to  Make  +  Selling  Expense  =  Cost  to  Make  and  Sell 

and  in  foundry  cost  accounting  it  is  essential  that  the  cost  be  built 
up  from  the  following  items  representing  the  total  of  accumulated 
details:  Core  Labor,  Supplies,  Molding  Labor,  Chipping  Labor, 
Miscellaneous  Labor,  Melting,  New  Metal,  Scrap,  Other  Expense, 
each  item  in  sum  total. 

The  accumulated  details  should  be  obtained  from  the  record  of 
the  actual  number  of  units  of  material  used  from  day  to  day  and  the 
actual  number  of  hours  of  labor.  The  cost  of  material  delivered 
daring  a  current  cost  month  should,  not  be  used  as  a  basis  of  establish- 
ing costs,  as  is  apparently  suggested  in  Par.  14,  as  it  would  not  give 
a  true  cost  for  the  reason  that  the  material  entering  the  castings, 
especially  in  a  foundry  carrying  a  stock  of  iron,  may  have  been 
ddivered  at  a  price  differing  considerably  from  the  cost  for  the  current 
month.  This  difference  in  price  may  make  a  considerable  fluctuation 
in  the  selling  price,  which  would  apparently  cause  the  foundry  using 
this  method  to  quote  both  low  and  high  prices  at  the  wrong  tune.  A 
hetta  method  would  be  to  average  the  cost  of  the  pig  iron  and 
niaterial  in  stock,  thus  preventing  fluctuation  in  apparent  cost  and 
selling  price. 

As  a  signal  to  indicate  the  drift  of  the  cost,  a  daily  estimate  may 
be  made,  based  as  follows,  assuming  a  specific  case  for  illustration: 

Let    Jlf  =  total  number  of  men  =  175 
T  =  total  melt  in  tons  =  35 

P  =  average  proportion  of  good  castings  in  melt  =  0.7 
L  =  average  cost  of  labor  per  day  =  $4 
/  =  average  cost  of  metal  at  ladle  per  ton  of  good  castings 

=  $25 
S  ==  average  cost  of  supplies  per  ton  of  good  castings  =  $10 
m  =  average  number  of  men  per  ton  of  good  castings 

=  M/iT  X  P)  =  175/(35  X  0.7)  =  7.10 
I  =  average  labor  cost  per  ton  of  good  castings  =  m  X  L 

=  7.10  X  4  =  $28.40 
C  =  total   cost   per   ton   of   good   castings  =  I  +  I  +  S 

=  $28.40  +  $25.00  +  $10.00  =  $63.40 

The  above  figures  are  actual  or  based  upon  the  previous  month's 
accurately  established  costs,  and  from  day  to  day  are  reasonable 
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signals  indicating  to  the  live  f oundryman  the  drift  of  the  cost  for  the 
current  month;  and  in  the  respect  that  they  are  available  from  day 
to  day,  corrective  measures  may  be  taken  to  reduce  greatly  increasing 
costs  before  they  have  run  to  a  disastrous  extent. 

M.  J.  House  ^  (written).  It  would  seem  that  the  author's  plan 
fails  to  provide  adequately  for  cost  and  accounting  requirements 
under  the  ordinary  conditions  of  a  commercial  foundry. 

While  not  doubting  in  the  least  that,  as  stated,  the  system  gives 
excellent  satisfaction,  that  the  data  it  keeps  before  the  foundry 
officials  are  thoroughly  reUable  according  to  the  plan  and  that  the 
clerical  work  requires  but  little  extra  time,  it  does  not  follow  that 
the  costs  are  "fairly  accurate."  Numerous  S3rstems  are  in  use 
which  fully  satisfy  those  who  use*them  and,  in  many  plants,  statis- 
tical data  of  great  importance  are  compiled,  yet  the  costs  obtained 
are  far  from  dependable. 

In  Par.  3  the  author  sets  up  three  independent  variables,  namely, 
Core  Labor,  Molding  Labor  and  Pounds  of  Castings  Produced,  as 
the  most  important  ones  and  considers  all  other  items  of  cost  as 
•'functions"  of  some  one  of  these. 

As  a  general  proposition,  however,  there  are  seven  variables 
equally  important,  owing  to  their  direct  influence  on  costs  although 
not  in  like  proportions.  These  seven  are  Pattern  Labor,  Core  Labor, 
Molding  Labor,  Melting  Labor,  Cleaning  Department  Labor,  Mate- 
rials and  Supplies  and  Pounds  of  Castings  Produced.  like  a  ma- 
jority of  founders,  the  author  ignores  the  fact  that  labor  employed  in 
the  pattern  shop  is  directly  related  to  production,  is  chargeable 
directly  to  jobs  or  classes  and  is  not  an  item  to  be  prorated  over 
production  as  a  whole  if  of  consequence;  there  is  no  more  reason 
for  doing  so  than  for  the  diffusion  of  Molding  Labor  in  the  same 
way. 

The  difficulty  referred  to  in  Par.  8  in  respect  to  split  payrolls  is 
more  imaginary  than  real;  as,  if  accounting  classification  is  prop- 
erly devised  and  followed,  the  manufacturing  accounts  may  be 
tied  in  with  financial  records  without  use  of  split  payrolls  and  the 
twelve  cycles  for  comparison  annually  may  consist  of  two  periods 
of  four  weeks  and  one  of  five  weeks  each  three  months. 

I  am  not  prepared  to  dispute  the  statement  that  the  cost  of  melt- 
ing varies  directly  with  pounds  of  castings  produced,  but  unless  the 
quantities  of  the  several  patterns  cast  are  identical  each  month,  I 

1  With  C.  E.  Knoeppel  &  Co.,  New  York  City. 
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am  at  a  loss  to  understand  how  such  a  result  can  be  achieved,  as 
the  cost  of  melting  actually  varies  according  to  quantities  of  gates, 
sprues,  defectives,  over  metal,  etc.  Unless  the  product  is  practi- 
cally uniform  from  month  to  month,  the  melting  credit  cannot 
possibly  parallel  the  production. 

In  a  certain  cost-accounting  plan  that  has  been  found  to  be  very 
simple,  highly  accurate  and  easy  of  application,  melting  and  de- 
partment expense  rates  are  predetermined,  all  expense  is,  concen- 
trated into  six  rates,  and  when  cost  computations  are  made  — 
which  may  be  at  any  time  a  lot  of  castings  is  finished —  the  only 
factors  to  be  dealt  with  to  obtain  Shop  Cost  are  Metal  and  Castings, 
Direct  Materials,  Direct  Labor,  Departmental  Rates  and  —  some- 
times—  special  costs  in  the  form  of  patterns,  flasks  or  other  special 
rigging. 

William  L.  Walker^    (written).    The  method  used  by  the 
author  to  distribute  the  Indirect  Expenses  may  not  produce  large 
errors  in  the  costs  of  the  castings  made  in  the  particular  foundry  in 
question,  provided  the  product  consists  of  similar  articles  which 
are  made  according  to  similar  standard  operations,  using  similar 
furnaces  and  molds,  and  by  employees  working  at  about  the  same 
wages.    However,  in  a  large  foundry  which  produces  many  kinds 
of  castings,  using  different  sizes  and  types  of  furnaces,  molding 
machines  and  other  equipment,  or  in  a  manufacturing  plant  where 
many  different  types  of  machines  and  equipment  are  used,  and 
where  the  scale  of  wages  represents  many  variations,  the  use  of  a 
factor,  mentioned  by  the  author,  applied  as  a  percentage  on  Direct 
Labor  to  distribute  the  Indirect  Expenses  might  lead  to  many 
absurdities.    For  example,  suppose  a  skilled  mechanic  who  is  paid 
60  cents  per  hour  is  working  at  a  bench  where  the  rate  per  hour  for 
bench  space  is  20  cents.    The  total  cost  for  Labor  and  Indirect 
Kxpense  in  this  case  would  be  80  cents  per  hour.    Suppose  also  a 
machine  operator  who  is  paid  30  cents  per  hour  is  operatiug  a  ma- 
chine where  the  rate  per  hour  on  the  machine  and  space  used  is 
SI.oO.    The  total  cost  of  Labor  and  Indirect  Expense  in  this  case 
would  be  SI. 80  per  hour.     If  a  percentage  on  Direct  Labor  were 
used,  say,  200  per  cent,  the  supposed  cost  for  Labor  and  Indirect 
Expense  in  the  first  case  would  be  60  cents  plus  $1.20,  or  $1.80. 
The  supposed  cost  for  Labor  and  Indirect  Expense  in  the  second 
case  would  be  30  cents  plus  60  cents,  or  90  cents.     The  results 

^  Management  Engineer,  6  Beacon  St.,  Boston,  Mass. 


82  A  FOUNDRY  COST  AND  ACCOUNTINQ  SYSTEM 

obtained  by  using  the  percentage-on-Direct-Labor  method  would 
show  a  charge  of  90  cents  per  hour  too  much  in  the  first  case  and 
90  cents  per  hour  too  little  in  the  second. 

There  are  three  classes  of  expenses  in  a  manufacturing  plant: 
Materials,  Direct  Labor,  and  Indirect  Expenses.  Each  of  these  is 
distinct  and  does  not  necessarily  bear  any  relation  to  the  others. 
It  is  necessary  to  distribute  the  indirect,  or  overhead,  expenses  by 
departments  representing  various  types  of  operations  or  divisible 
units  in  the  manufacturing  plant.  Each  department  should  bear 
its  share  of  the  expenses  for  space  occupied,  for  machines  and  equip- 
ment used,  and  any  other  expenses  chargeable  to  the  department. 
A  proper  system  of  classification  of  expenses  will  place  them  in  the 
accounting  records  in  such  a  manner  that  they  can  be  distributed 
to  the  various  departments  with  minimum  effort.  Rates  should 
then  be  determined  for  all  machines  and  work  places  in  the  depart- 
ments, subject  to  correction  at  any  time  when  conditions  justify, 
to  be  used  for  distributing  the  Indirect  Ebcpenses.  By  this  method 
the  indirect  or  overhead  expenses  are  placed  where  they  belong  and 
are  distributed  in  the  costs  on  a  time  basis,  independent  of  the 
other  two  classes  of  expenses,  namely,  Materials  and  Labor. 

The  greatest  need  in  manufacturing  plants  is  to  develop  proper 
methods,  controlled  by  a  proper  organization,  to  reduce  costs  and 
allow  for  increased  wages;  but  along  with  such  a  development  it  is 
absolutely  necessary  to  have  a  good  cost-accounting  system  as  part 
of  the  plan,  in  order  to  show  the  results  obtained  and  to  provide  a 
basis  for  selling  prices.  It  would  be  absurd  from  a  business  basis 
to  attempt  to  trace  costs  beyond  the  point  where  it  requires  a  greater 
outlay  to  obtain  the  results  than  the  actual  differences  involved  in 
the  method,  but  correct  principles  should  be  used  in  all  cases. 

m 

R.  MoLDENKE.  After  seeing  the  author's  foundry  in  operation, 
one  can  understand  the  advantages  of  the  system  he  describes  in 
his  paper.  The  work  made  in  this  foundry,  while  of  quite  a  varied 
character  —  as  it  should  be  to  be  of  educational  value  —  is  never- 
theless continuous  in  its  nature.  The  molds  and  cores  are  repeated 
again  and  again  to  an  extent  that  make  a  system  such  as  he  has 
worked  out  very  applicable,  indeed.  Whether  this  system  can  be 
used  effectively  for  other  lines  of  work,  much  less  constant  in  daily 
production,  is  another  question. 

The  ''pilot  light"  idea  is  unquestionably  a  good  one  in  any 
case,  as  we  want  to  be  warned  in  time  if  there  is  a  tendency  to  go 
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from  profit  to  loss.  On  the  other  hand,  however,  we  must  know 
individual  costs  of  castings  to  a  point  of  closeness  that  will  not 
become  burdensome  in  its  details.  There  eventually  comes  a  time 
when  it  is  necessary  to  differentiate  the  classes  of  work  produced  at 
a  general  foundry  so  that  the  overhead  may  be  distributed  properly 
for  each.  It  may  cost  much  less  to  sell  a  big  engine  bed  than  a  lot 
of  miscellaneous  work  of  small  weight,  and  hence  an  equal  tonnage 
distribution  of  overhead  is  not  correct.  The  class  of  work  that 
gives  the  least  profit  must  be  ferreted  out  and  raised  in  price  or 
else  left  to  the  other  fellow. 

The  contribution  of  the  author  is  very  welcome  in  that  it  points 
out  the  way  for  a  closer  study  of  foundry  costs.  If  there  is  anything 
needed  badly  in  the  foundry  it  is  just  this  information.  Whatever 
system  may  be  found  best  to  cover  individual  cases,  the  results  must 
be  accurate  enough  to  prevent  bids  for  castings  coming  in  which  — 
presumably  based  upon  the  foundrjrman's  actual  cost  records  — 
may  vary  from  four  to  eight  cents  a  pound  for  the  same  piece. 

Malcolm  Libby.  It  is  to  be  hoped  that  the  author  will  present  at 
an  early  date  this  question  of  prices  and  bids  because  it  would  make 
clear  many  of  the  points  of  the  paper,  and  in  the  discussion  espe- 
cially so,  inasmuch  as  the  judgment  which  is  made  on  the  foundry- 
man;  i.e.,  the  superintendent's  efficiency  and  capability,  involves 
several  factors.  He  mentioned  an  all-important  one,  namely,  the 
selling  price  turned  immediately  back  to  production.  Some  com- 
panies are  in  a  fortunate  position  in  that  they  are  able  to  establish 
the  market  price.  Their  cost  systems  must  involvp  the  principle 
which  covers  the  question  of  determining  the  price  quite  as  much  as 
determining  the  costs. 

William  Kent.     For  the  purposes  of  the  particular  foundry  in 
question  the  author's  system  may  give  a  close  enough  approxima- 
tion to  what  he  wants  to  get;    but  I  agree  with  those  who  have 
preceded  me  in  saying  that  the  system  will  not  do  for  any  foundry 
operated  on  different  kinds  of  products,  and  that  some  other  system 
must  be  used.     The  objection  to  Professor  Bird's  method  is  that  he 
uses  factors  and  percentages.    Generally  speaking,  averages  and 
percentages  and  factors  should  be  avoided.     What  we  want  is  items 
summed  up  into  totals  and  these  totals  put  into  proper  reports, 
and  if  possible  charted  so  that  we  can  see  how  things  are  going. 
The  idea  of  using  an  accounting  system  as  a  signal  is  good.     The 
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best  signal  is  found  not  in  an  accounting  system,  but  in  the  reports 
of  tonnages  and  other  items  that  are  put  in  a  table  of  monthly 
averages. 

The  Author.  It  is  very  evident  from  the  discussion  of  this 
paper  that  exact  foundry  costs  are  considered  very  essential  by  some 
of  our  members.  The  object  of  this  paper,  however,  was  hot  to  show 
how  the  cost  of  producing  a  given  casting  could  be  determined,  but 
rather  to  point  out  a  system  of  allowances  for  foundry  costs  by  which 
an  immediate  line  can  be  had  on  the  monthly  profits  as  well  as  check 
on  the  correctness  of  the  factors  used;  all  of  this  being  accomplished 
in  connection  with  the  oflSce  accounting  work. 

In  other  words,  the  paper  does  not  deal  with  cost  keeping  as  such, 
and  it  therefore  does  not  seem  worth  while  to  answer  the  various 
criticisms  that  have  been  offered  from  that  viewpoint. 

In  closing,  it  might  be  well  to  say  that  the  paper  was  presented 
to  the  Society  in  response  to  a  request  for  a  report  on  some  of  the 
research  work  being  done  at  the  Worcester  Polytechnic  Institute,  and 
a  careful  reading  will  show  that  the  system  outlined  is  the  result  of 
several  years  of  experimental  work  conducted  along  engineering  lines 
in  the  Institute  foundry.  The  factors  and  figures  as  given  apply 
only  to  our  foundry,  but  the  general  principles  of  what  we  have 
called  the  '*  signal  system  "  can  be  applied  to  any  foundry  where  the 
management  really  wants  to  have  a  monthly  indication  of  how  things 
are  going. 
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THE  PUBLIC  INTEREST  AS  THE  BED  ROCK 
OF  PROFESSIONAL  PRACTICE 

By  Morris  Llewellyn  Cooke,  Philadelfhla.,  Pa. 

Member  of  the  Society 

The  object  cf  this  paper  is  to  determine  what  has  been,  and  apparently  continues 
to  be,  the  attitude  of  engineering  organizations  toward  society  as  expressed  in  their 
Tides  cf  conduct.  This,  according  to  the  author,  is  a  time  of  stock  taking  and  of  a 
critical  examination  of  the  orders  under  which  society  and  its  constituent  dements 
fn  operated.  Within  the  church,  among  labor  organizations,  in  government,  in  the 
^dycational  field  and  in  the  professions,  —  everywhere,  in  fact,  the  same  searching 
ifi^^dry  is  going  on  as  to  aims  and  methods,  and  it  is  his  belief  that  there  can  be  no 
^0tt^  time  for  a  review  of  the  codes  of  ethics  designed  to  regulate  the  professional 
V^octice  of  engineers.  It  is  further  sought  to  develop  the  engineer's  concept  of  his 
pMe  rdaiionMp  and  responsQnlities  as  contrasted  with  such  relativdy  minor 
<^igations  as  those  to  the  profession  of  engineering,  to  a  dient,  to  fdlouhengineers, 
^toMmsdf. 


T^HERE  has  been  in  our  conduct  since  the  beginning  of  the  war, 
the  clearest  recognition  on  the  part  of  this  Society  of  the  para- 
mount obligation  which  we  owe  to  the  Nation,  and,  in  the  last  an- 
^ysis,  to  humanity.  In  view  of  this  attitude  taken  spontaneously 
^  time  of  war,  it  is  curious  to  note  that  our  pubUc  responsibilities 
w  almost  ignored  in  the  codes  of  ethics  of  our  organized  associations 
of  engineers.  Drafted  as  they  have  been  to  control  our  conduct  in 
times  of  peace,  these  canons  of  professional  practice  carry  almost  no 
reference  to  the  pubUc  interest  as  a  controlling,  much  less  as  a  para- 
mount, obUgation  of  the  individual  engineer,  of  engineering  societies, 
^d  of  the  profession  as  a  whole. 

2  This  is  a  time  of  stock  taking  and  of  a  critical  examination 
of  the  orders  under  which  society  and  its  constituent  elements  are 
operated.  Within  the  church,  among  labor  organizations,  in  govern- 
ment, in  the  educational  field  and  in  the  professions  —  everywhere, 
in  fact,  we  find  the  same  searching  inquiry  as  to  aims  and  methods. 
Hence,  there  can  be  no  better  time  for  a  review  of  the  codes  of  ethics 
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designed  to  regulate  the  professional  practice  of  engineers.  The 
object  of  this  paper  is  to  determine  what  has  been,  and  apparently 
continues  to  be,  the  attitude  of  engineering  organizations  toward 
society  as  expressed  in  our  rules  of  conduct.  It  is  further  sought  to 
develop  the  engineer's  concept  of  his  public  relationships  and  re- 
sponsibilities as  contrasted  with  such  relatively  minor  obligations  as 
those  to  the  profession  of  engineering,  to  a  client,  to  f eUow-engineers, 
and  to  himself. 

3  The  oldest,  the  largest,  and  perhaps  the  most  representative 
society  of  American  engineers,  the  American  Society  of  Civil  Eki- 
gineers,  for  instance,  makes  absolutely  no  mention  in  its  Code  of 
Ethics  of  any  such  pubUc  responsibiUty.  The  Code  in  full  is  as 
follows: 

It  shall  be  considered  unprofessional  and  inconsistent  with  honorable  and 
dignified  bearing  for  any  member  of  the  American  Society  of  Civil  Ekigineen: 

To  act  for  his  clients  in  professional  matters  otherwise  than  as  a  faithful 
agent  or  trustee,  or  to  accept  any  remimeration  other  than  his  stated  charges  for 
services  rendered  his  clients. 

To  attempt  to  injure  falsely  or  maliciously,  directly  or  indirectly,  the  pro- 
fessional reputation,  prospects,  or  business,  of  another  Engineer.  Td  attempt  to 
supplant  another  Engineer  after  definite  steps  have  been  taken  toward  his  em- 
ployment. To  compete  with  another  Engineer  for  emplojrment  on  the  basis  of 
professional  charges,  by  reducing  his  usual  charges  and  in  this  manner  attempting 
to  underbid  after  being  informed  of  the  charges  named  by  another.  To  review 
the  work  of  another  Engineer  for  the  same  client,  except  with  the  knowledge  or 
consent  of  such  Engineer,  or  unless  the  connection  of  such  Engineer  with  the  work 
has  been  terminated. 

To  advertise  in  self-laudatory  language,  or  in  any  other  manner  derogatory 
to  the  dignity  of  the  Profession. 

4  The  first  of  these  three  sections  refers  exclusively  to  the 
engineer's  relationship  to  the  client,  the  second  to  his  relationship  to 
fellow-engineers,  and  the  last  simply  deprecates  advertising. 

5  In  the  Code  of  Principles  of  Professional  Conduct  adopted  by 
the  Board  of  Directors  of  the  American  Institute  of  Electrical  En- 
gineers (but  under  the  Constitution,  never  voted  upon  by  the  mem- 
bership at  large),  there  is  a  secti(xi  devoted  to  The  Engineer's  Rda- 
tions  to  the  Public,  which  reads  as  follows: 

The  engineer  should  endeavor  to  assist  the  public  to  a  fair  and  correct  general 
understanding  of  engineering  matters,  to  extend  the  general  knowledge  of 
neering,  and  to  discourage  the  appearance  of  untrue,  unfair  or  exaggerated 
ments  on  engineering  subjects  in  the  press  or  elsewhere,  especially  if  these 
statements  may  lead  to,  or  are  made  for  the  purpose  of,  inducing  the  public 
to  participate  in  imworthy  enterprises. 
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Technical  discussioDS  and  criticisms  of  engineering  subjects  shotdd  not  be 
conducted  in  the  public  press,  but  before  engineering  societies,  or  in  the  technical 


It  is  desirable  that  first  publication  concerning  inventions  or  other  engineering 
adv^&noes  should  not  be  made  through  the  publie  press,  but  before  engineering 
societies  or  through  technical  publications. 

Xt  is  unprofessional  to  give  an  opinion  on  a  subject  without  being  fully 
infoxrned  as  to  all  the  facts  relating  thereto  and  as  to  the  purposes  for  which  the 
infonnation  is  asked.  The  opinion  should  contain  a  full  statement  of  the  condi- 
tioos  under  which  it  applies. 

6  Even  here,  where  public  relationshipe  are  specifically  men- 
tioned, there  is  no  recognition  of  the  fundamental  character  of  the 
obligation  of  the  engineer  to  the  public.    Even  the  engineer's  respon- 
sibility "to  extend  the  general  knowledge  of  engineering"  is  quite 
uicidental.    The  major  import  of  these  injunctions  has  to  do  with 
&    i^^egative  phase  of  the  subject,  i.e.,  the  holding  back  from  the  public 
of  ixiaccurate  information  or  of  too  narrow  statements  with  regard  to 
^i^Kineering  subjects. 

7  The  foregoing  paragraphs  are  included,  under  the  head  of 
Tli^  Engineer's  Relations  to  the  Public,  in  the  Code  of  our  own 
Society,  which  was  adopted  in  1914.    The  foUowing  paragraph  was 


Jkigineers  engaged  in  private  practice  should  limit  their  advertising  to  pro- 
^^aaicHuil  cards  and  modest  signs  in  conformity  with  the  practice  of  other  pro- 
ems. 
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8    This  Code  of  Ethics  of  the  A.S.M.E.  opens  with  two  para- 
Si^a-jDhs  on  General  Principles  as  follows: 

Xt  is  not  assumed  that  this  code  shall  de&ne  in  detail  the  duties  and  obliga- 
t^iotx3  of  engineers  under  all  possible  circumstances.  It  is  an  axiom  that  engineers 
^  ^il  their  professional  relations  should  be  governed  by  principles  of  honor, 
^OEXoety,  strict  fidelity  to  trusts  imposed  upon  them,  and  courteous  behavior 
tow^jd  all.  The  following  sections  are  framed  to  cover  situations  arising  most 
fref^Xiently  in  engineers*  work. 

Xt  is  the  duty  of  engineers  to  satisfy  themselves  to  the  best  of  their  ability 

th^"t   the  enterprises  with  which  they  become  identified  are  of  legitimate  char- 

act^ir.    If  an  engineer  after  becoming  associated  with  an  enterprise  finds  it  to  be 

0^  C|\iestionable  character,  he  should  sever  his  connection  with  it  as  soon  as 

practicable,  avoiding  in  so  doing  reflections  on  his  previous  associates. 

Ttien  follows  a  section  on  the  engineer's  relations  to  client  or  em- 
ployer, beginning  with  this  statement: 

The  engineer  should  consider  the  protection  of  a  client's  or  employer's 
interests  his  first  obligation  (Italics  mine),  and  therefore  should  avoid  every  act 
contrary  to  this  duty. 
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This  sentence  isfairly  typical  of  what  appears  to  be  the  keynote  not 
only  of  this  but  of  every  engineering  code.  These  codes  have  ap- 
parently been  drawn  principally  and  almost  solely  to  hold  up  a  high 
standard  of  personal  integrity  in  relations  with  the  cUent  and  to 
protect  one  engineer  against  another. 

9  It  is  sometimes  argued  that  to  a  consulting  engineer  are  per- 
mitted higher  standards  of  professional  practice  and  conduct  than 
to  those  who  work  for  a  single  employer,  and  for  a  salary.  But 
quite  to  the  contrary,  the  code  of  the  American  Institute  of  Con- 
sulting Engineers  places  the  greatest  possible  emphasis  on  the  relation 
of  the  engineer  to  the  cUent.  In  fact,  there  is  no  reference,  direct  or 
indirect,  to  the  pubUc  interest.  The  code  opens  with  these  para- 
graphs: 

It  shall  be  considered  unprofessional  and  inconsistent  with  honorable  and 
dignified  bearing  for  any  member  of  the  American  Institute  of  Consulting  Engi- 
neers: 

(1)  To  act  for  his  clients  in  professional  matters  otherwise  than  in  a  strictly 
fiduciary  manner,  or  to  accept  any  other  remuneration  than  his  direct  charges  for 
services  rendered  his  clients,  except  as  provided  in  Clause  4. 

All  that  follows  is  simply  a  further  elaboration  of  this  general  thesis. 
The  preamble  to  the  Constitution  and  By-Laws  of  this  association, 
in  common  with  all  other  engineering  organizations,  states  that  one 
of  its  objects  is  ^'  to  increase  the  usefulnesis  of  the  profession  to  the 
pubUc  at  large."  But  nowhere  in  the  code  is  participation  in  this 
program  made  obUgatory  on  the  members. 

10  The  codes  of  The  Institution  of  Civil  Engineers  and  of  the 
Association  of  Consulting  Engineers  of  Great  Britain  similarly  deal 
exclusively  with  the  relations  of  their  members  to  cUents  and  to 
fellow-engineers. 

11  Perhaps  the  most  enUghtened  statement  as  to  professional 
ethics  which  has  thus  far  emanated  from  the  engineering  profession 
is  the  following,  taken  from  the  principles  adopted  by  the  Committee 
on  Engineering  and  Cooperation,  at  its  meeting  at  Chicago  on 
March  29  and  30,  1917: 

Ethics.  Each  local  engineering  society  should  adopt  and  frequently  make 
application  of  a  code  of  ethics  prepared  in  accordance  with  the  standards  estab- 
lished by  the  national  organizations  or  approved  by  other  professional  bodies.  It 
is  recognized  that  while  it  is  impossible  to  prevent  all  violations  of  such  a  code 
yet  eternal  vigilance  is  the  price  of  maintenance  of  high  standards.  The  enforce- 
ment of  such  a  code  is  essential  to  the  well-being  of  the  community  at  large  as 
well  as  for  the  protection  of  professional  men  from  the  improper  competition  of 
unskilled  or  unscrupulous  men  tending  to  reduce  the  opportunity  (or  effective 
service  to  individuals  and  to  the  public. 
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12  The  omission  of  any  reference  to  the  public  interest  in  the 
codes  of  professional  practice  of  engineering  organizations  would  not 
be  so  noticeable  were  it  not  for  the  fact  that  other  associations  of 
professional  men  have  been  at  very  considerable  pains  not  only  to 
express  the  obUgation,  but  to  insist  on  its  paramount  importance, 
and  to  phrase  it  in  terms  of  lofty  idealism. 

13  The  architects,  whose  work  in  many  respects  is  quite  com- 
parable to  that  of  the  engineer,  have  been  emphatic  and  successful 
in  their  efforts  to  govern  their  professional  conduct  along  ethical 
lines.  They  have  further  made  the  effort  to  stress  the  public  char- 
acter of  the  profession,  and  to  reward  those  who  have  made  distinct 
contributions  in  the  pubUc  service. 

14  The  American  Institute  of  Architects,  in  its  Circular  of 
Advice  Relative  to  Principles  of  Professional  Practice,  speaks  as 
follows  of  the  architect  in  this  pubUc  relationship: 

He  is  engaged  in  a  profession  which  carries  with  it  grave  responsibility  to 
the  public.  ...  To  his  clients,  to  contractors,  to  his  professional  brethren,  and 
to  the  public.  .  .  .  The  fact  that  the  architect's  payment  comes  from  the  client 
does  not  invalidate  his  obligation  to  act  with  impartiality  to  both  parties.  .  .  . 
An  architect  should  be  mindful  of  the  public  welfare,  and  should  participate  in 
those  movements  for  public  betterment  in  which  his  special  training  and  experi- 
ence qualify  him  to  act.  He  should  not,  even  under  his  client's  instructions, 
engage  in  or  encourage  any  practices  contrary  to  law  or  hostile  to  the  public 
interest;  for  as  he  is  not  obliged  to  accept  a  given  piece  of  work,  he  cannot,  by 
urging  that  he  has  but  followed  his  client's  instructions,  escape  the  condemnation 
attaching  to  his  acts.  An  architect  should  support  all  public  officials  who  have 
charge  of  building  in  the  rightful  performance  of  their  legal  duties. 

15  The  following  quotations  are  taken  from  the  Principles  of 
Medical  Ethics  of  the  American  Medical  Association: 

A  profession  has  for  its  prime  object  the  service  it  can  render  to  himianity; 
reward  or  financial  gain  should  be  a  subordinate  consideration.  The  practice  of 
medicine  is  a  profession.  In  choosing  this  profession  an  individual  assumes  an 
obligation  to  conduct  himself  in  accord  with  its  ideals. 

There  are  occasions  .  .  .  when  a  physician  must  determine  whether  or  not 
his  duty  to  society  requires  him  to  take  definite  action  .  .  . 

A  physician  .  .  .  should  .  .  .  always  respond  to  any  request  for  his  assist- 
ance in  an  emergency  or  whenever  temperate  public  opinion  expects  the  service. 

The  obligation  assumed  on  entering  the  profession  requires  the  physician  to 
comport  himself  as  a  gentleman  and  demands  that  he  use  every  honorable  means 
to  uphold  the  dignity  and  honor  of  his  vocation,  to  exalt  its  standards  and  to 
extend  its  sphere  of  usefulness. 

Physicians,  as  good  citizens  and  because  their  professional  training  speciaUy 
qualifies  them  to  render  this  service,  should  give  advice  concerning  the  public 
health  of  the  community.     Theyjshould  bear  their  full  part  in  enforcing  its  laws 
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and  siistaining  the  institutions  that  advance  the  interests  of  humanity.  They 
should  co6perate  especially  with  the  proper  authorities  in  the  admimstration  of 
sanitary  laws  and  regulations.  They  should  be  ready  to  counsel  the  public  on 
subjects  relating  to  sanitary  police,  public  hygiene  and  legal  medicine. 

Physicians,  especially  those  engaged  in  public  health  work,  should  enlighten 
the  public  regarding  quarantine  regulations;  on  the  location,  arrangement  and 
dietaries  of  hospitals,  asylums,  schools,  prisons  and  similar  institutions;  and 
concerning  measures  for  the  prevention  of  epidemic  and  contagious  diseases. 
When  an  epidemic  prevails,  a  physician  must  continue  his  labors  for  the  allevia- 
tion of  suffering  people,  without  regard  to  the  risl^  to  his  own  health  or  life  or  to 
financial  return.  At  all  times,  it  is  the  duty  of  the  ph3rsician  to  notify  the  properly 
constituted  public  health  authorities  of  every  case  of  communicable  disease  under 
his  care,  in  accordance  with  the  laws,  rules  and  regulations  of  the  health  authorities 
of  the  locaUty  in  which  the  patient  is. 

Physicians  shoiUd  warn  the  public  affainst  the  devices  practiced  and  the  false 
pretensions  made  by  charlatanSf  which  may  cause  injury  to  health  and  loss  of  life 
(author's  italics). 

In  conclusion  it  is  said:  These  principles  are  primarily  for  the  good  of  the 
public,  and  their  enforcement  should  be  conducted  in  such  a  manner  as  shall 
deserve  and  receive  the  endorsement  of  the  community. 

16  Perhaps  the  most  conclusive  statement  in  this  matter  is  that 
which  appears  in  the  Code  of  the  American  Bar  Association  imder 
the  head,  The  Lawyer's  Duty  in  Its  Last  Analysis: 

No  dient,  corporate  or  individual,  however  powerful,  nor  any  cause,  civil  or 
pohtical,  however  important,  is  entitled  to  receive,  nor  should  any  lawyer  render, 
any  service  or  advice  involving  disloyalty  to  the  law  whose  ministers  we  are,  or 
disrespect  of  the  judicial  office,  which  we  are  bound  to  uphold,  or  corruption  of 
any  person  or  persons  exercising  a  public  office  or  private  trust,  or  deception  or 
betrayal  of  the  public.  When  rendering  any  such  improper  service  or  advioe, 
the  lawyer  invites  and  merits  stem  and  just  condemnation.  Correspondingly,  he 
advances  the  honor  of  his  profession  and  the  best  interests  of  his  cUent  when  he 
renders  service  or  gives  advice  tending  to  impress  upon  the  cUent  and  his  under- 
taking exact  compliance  with  the  strictest  principles  of  moral  law.  He  must  also 
observe  and  advise  his  cUent  to  observe  the  statute  law,  though  until  a  statute 
shall  have  been  construed  and  interpreted  by  competent  adjudication,  he  is  free 
and  is  entitled  to  advise  as  to  its  vahdity,  and  as  to  what  he  conscientiously  be- 
Ueves  to  be  its  just  meaning  and  extent.  But  above  all  a  lawyer  will  find  his 
highest  honor  in  a  deserved  reputation  for  fidelity  to  private  trust  and  to  public 
duty,  as  an  honest  man  and  as  a  patriotic  and  loyal  citizen. 

17  Recent  developments  in  the  medical  profession  —  already 
distinguished  by  its  high  ethical  standards  —  prove  that  codes  of 
ethics  and  rules  of  professional  practice  are  susceptible  of  very  rapid 
alteration  and  improvement.  In  an  illuminating  article,  Current 
Developments  in  Medical  Ethics,  by  Dr.  Richard  C.  Cabot,  of  Boston, 
and  published  in  the  Harvard  Theological  Review  for  July  1916|  Dr. 
Cabot  said: 
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A  doctor  of  my  acquaintance  recently  said  in  public  what  every  doctor  says 
in  private  —  that  there  are  too  many  surgical  operations  performed  by  men  who 
have  not  the  skill  to  make  the  operation  of  benefit  to  the  patient,  with  the  result 
that  many  necessary  operations  are  not  done  because  so  many  people  have  come 
to  distrust  all  or  nearly  all  surgeons.  Soon  after  this  he  was  officially  reprimanded 
by  his  local  medical  society  for  unethical  conduct.  Such  statements  —  though 
no  one  denies  their  truth  —  should  not  be  made  to  lay  audiences,  the  society  said. 
They  diminish  the  public's  confidence  in  the  medical  profession.  The  incident 
illustrates  the  shade  of  truth  in  Bernard  Shaw's  remark  that  the  medical  pro- 
fession (like  every  other  profession)  is  a  conspiracy  against  the  public. 

18  The  real  cause  of  this  instance  of  professional  discipline  — 
which  took  place  in  1915  —  was  that  the  offender  demanded  straight- 
forward, truthful  answers  to  these  questions: 

What  was  the  matter  with  the  patient? 
What  did  the  doctor  do  to  him? 
What  was  the  result? 

If  the  result  was  not  good,  what  was  the  reason? 

Was  it  the  fault  of  the  doctor,  the  patient,  the  disease,  or  the  hospital  organiza- 
tion or  equipment? 

19  In  the  less  than  three  years  which  have  intervened  since  this 
'trouble"  in  the  Boston  County  Medical  Society,  the  act  complained 
of  has  become  good  professional  practice.  The  Regents  of  the 
American  College  of  Surgeons  have  recently  issued  a  pamphlet 
describing  a  program  for  hospital  standardization,  in  which  they 
appropriate  for  the  use  of  the  profession  this  standard  which  was 
heretical  three  years  ago,  and  carry  it  a  step  further  in  saying  that  — 

If  the  facts  establish  evidence  that  a  ph3rsician  or  surgeon  is  unsafe  in  judg- 
ment, unworthy  in  character,  untrained,  lax,  lazy  or  careless,  in  all  honor  and 
decency  that  individual  should  either  overcome  his  deficiencies  or  withdraw  from 
practice. 

20  Engineers  need  not  be  told  that  an  axiom  is  imdebatable. 
Surely  no  one  will  hold  that  the  public  interest  is  not  fundamental 
to  all  professional  ethics  and  practices.  It  is  not  even  necessary  to 
vote  on  the  proposition.  The  simple  enunciation  of  the  statement 
makes  it  so  obvious  that  further  action  is  in  a  way  mmecessary.  On 
the  other  hand,  one  must  necessarily  question  codes  of  ethics  and 
canons  of  professional  practice  which  have  been  drafted  without  the 
clearest  possible  recognition  of  the  fact  that  such  rules  and  regulations 
must  be  interpreted  in  the  light  of  public  interest. 

21  In  much  of  the  vital  engineering  of  the  time  the  determina- 
tions are  inextricably  interwoven  with  questions  of  public  policy.  In 
fact,  enlightened  public  engineering  is  in  many  directions  the  insistent 
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need  of  the  hour.  If  the  established  engineermg  agencies  fail  to 
respond  both  efficiently  and  disinterestedly  to  this  call  for  service, 
others  will  inevitably  be  created  more  in  the  spirit  of  our  great  time. 

22  Practically  all  the  questions  affecting  professional  practice 
among  engineers  that  have  been  raised  during  the  last  few  years  would 
have  settled  themselves  had  this  one  standard  of  the  pubUc  interest 
been  held  to  be  fully  operative  while  at  the  same  time  the  interest 
of  the  profession  as  a  whole,  the  relations  of  the  engineer  to  his  client 
and  those  of  one  engineer  to  another  engineer,  were  being  safeguarded 
as  far  as  consistent  with  the  public  interest. 

23  We  frequently  hear  it  said  both  by  engineers  and  by  laymen 
that  this  is  the  day  of  the  engineer,  or  rather  that  the  day  is  just 
dawning  when  society  must  become  increasingly  dependent  upon 
engineering.  Can  this  day  really  arrive  so  long  as  the  rules  and 
regulations  for  our  professional  conduct  are  so  largely  taken  up  with 
rather  crude  and  in  many  cases  debatable  injimctions,  which  have 
more  to  do  with  what  might  be  called  "keeping  the  peace"  than  with 
our  immeasurably  more  important  task  of  providing  such  an  enli^t- 
ened  leadership  in  the  present  as  will  make  our  dreams  of  the  future 
come  true?  * 

24  My  own  feeling  is  that  every  code  now  in  use  by  engineers 
in  this  country  and  abroad  should  be  entirely  rewritten  on  much 
broader  lines  and  in  a  more  inspiring  key.  It  is  useless  to  undertake 
such  revision  unless  we  have  determined  that  we  shall  open  every 
such  code  with  the  clearest  possible  enimciation  of  the  principle  that 
no  considerations  of  professional  or  other  special  interest  shall  weigh 
for  one  moment  against  the  interests  of  the  nation  and  of  humanity 
itself. 


In  presenting  his  paper  at  the  meeting,  the  author  referred  to 
features  typical  of  the  codes  of  the  various  engineering  societies. 

In  the  A.S.M.E.  code,  he  said,  there  had  been  introduced  a 
section  relative  to  the  engineer's  relations  to  the  pubUc  which  sUghtly, 
though  not  materially,  niodified  and  enlarged  the  scope  of  the  codes 
as  usually  drafted.  The  significant  statement  in  the  code,  however, 
was  that  the  engineer  should  consider  the  protection  of  clients' 
or  employers'  interests  his  first  obligation,  and  therefore  avoid  every 
act  that  could  be  considered  as  in  any  way  contrary  to  this  duty. 

In  contrast  were  the  principles  or  professional  practice  of  our 
professional  brothers,  the  architects,  which  decreed  that  the  architect 


.  i.  .: 
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should  not  engage  in,  nor  encourage,  any  practice  contrary  to  law  or 
hostile  to  the  public  interests,  even  under  his  client's  instructions. 

The  medical  profession  bad  for  its  prime  object  the  service  it 
could  render  to  himaanity.  In  choosing  this  profession  an  individual 
assumed  an  obUgation  to  conduct  himself  in  accord  with  its  ideals. 
In  its  code  it  was  stated  that: 

Physicians  should  warn  the  public  against  devices  practiced  and  the  false 
pretenses  made  by  the  charlatans,  which  may  cause  injury  to  health  and  loss 

of  life. 

The  same  idea  was  to  be  found  in  the  lawyer's  code,  which  ended 

as  follows: 

Above  all,  a  lawyer  wiU  find  his  highest  honor  in  a  deserved  reputation  for 
fidelity  to  private  trust  and  to  public  duty  as  an  honest  man  and  as  a  patriotic 
and  loyal  citizen. 

Unfortunately,  the  author  said,  his  experience  as  an  engineer  and 
as  a  public  official  had  given  him  the  best  of  reasons  for  behoving  that 
this  spirit  was  not  representative  of  the  engineering  ethics  of  today. 

Recently  in  reading  the  life  of  John  Fiske^  he  had  found  the 
following  significant  quotation  relative  to  the  moral  principles  of 
the  Civil  War: 

l*resident  Lincoln,  by  the  summer  of  1862,  had  come  to  see  that  the  war  as 
It  had  been  conducted  by  the  Administration  had  no  clearly  defined  moral  issue 
back  of  it,  and  that  he  could  no  longer  find  justification  in  continuing  such  a 
terrible  conflict  as  he  was  waging  against  the  people  of  the  Southern  States  on 
the  sole  issue  of  an  interpretation  of  the  Constitution.  He  saw  the  necessity,  for 
the  salvation  of  the  Nation,  of  getting  the  issue  squarely  on  its  merits  as  a  moral 
issue  —  a  conflict  between  the  idea  of  freedom  and  the  idea  of  slavery,  and  then 
uniting  the  moral  and  political  forces  of  the  North  in  support  of  this  policy. 

To  this  end  he  moved  on  his  own  initiative;  and  one  of  the  finest  chapters  in 
all  statesmanship  is  the  history  of  his  skill,  his  patience,  his  wisdom,  his  faith  in 
rousing  the  dormant  moral  feeling  of  the  North  and  focusing  it  in  support  of 
his  Proclamation  of  Emancipation. 

Similarly,  he  beheved  that  the  successful  prosecution  of  the  war 
would  be  largely  a  question  of  the  people's  abiUty  to  keep  it  where 
President  Wilson  had  placed  it,  namely,  on  high  moral  ground.  This 
was  not  the  work  of  one  man,  but  of  all  the  people,  and  in  all  their 
relationships,  whether  of  town  Ufe,  church  life,  or  professional  Ufe. 

"In  this  hour  of  real  national  peril,"  the  author  concluded,  "can 
we  do  less  than  write  into  our  code  that  from  this  day  forth  it  is 
unprofessional  for  an  engineer  to  safeguard  any  private  or  special 

^  John  Fiske,  Life  and  Letters,  by  John  Spencer  Clark,  vol.  1,  p.  189. 
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interest  at  the  sacrifice  of  public  welfare?  Do  we  seek  power, 
influence,  prestige,  opportunities?  These  and  more  will  come  when 
we  provide  for  our  profession  this  moral  leadership." 


DISCUSSION 

Fred  J.  Miller  wrote  that  in  his  opinion  the  actual  attitude  and 
practice  of  the  members  of  the  A.S.M.E.  with  regard  to  public 
service  were  fac  in  advance  of  the  Society's  code.  If  American 
dtizenship  meant  anything,  it  meant  that  no  citizen  could  honorably 
take  part  in  work  that  he  knew  to  be  against  pubUc  interest,  and 
that  principle  applied  to  engineers,  as  well  as  to  doctors,  lawyers  and 
architects.  Now,  when  so  many  were  making  sacrifices  for  the 
general  good,  not  only  of  our  own  country  but  of  the  whole  world, 
would  seem  to  be  the  proper  time  to  rewrite  the  code  in  the  spirit 
of  the  times. 

Richard  A.  Feiss,  in  a  written  discussion,  said  that  today  every 
calling  involved  special  knowledge  and  special  training  and  the  men 
pursuing  these  callings  in  the  field  or  in  the  workshop  should  view 
their  work  as  professional  work;  for  each  calling  had  become  a 
profession.  The  majority  of  these  men,  moreover,  were  dealing 
more  or  less  concretely  and  specifically  with  the  handling  of  organised 
human  effort,  and  this  involved  social  and  other  problems  inherently 
of  public  interest.  It  was  therefore  necessary  that  a  society  of  pro- 
fessional men  such  as  the  A.S.M.E.  take  the  leadership  in  making 
its  prime  object  the  setting  up  of  standards  for  the  profession  and  the 
development  of  a  membership  whose  object  was  first  of  all  the  best 
service  in  both  quaUty  and  quantity  to  the  pubUc  interest. 

H.  J.  Macintire  wrote  that  standing  between  the  capitalists  and 
the  workingmen,  materially  speaking,  was  the  professional  man,  who, 
having  maintained  a  position  at  neither  of  the  extremes  of  society, 
would  be  called  upon  for  leadership  during  the  period  of  reconstruc- 
tion. He  could  make  his  position  enviable  and  assume  this  leader- 
ship deservedly  only  by  such  conduct  as  would  command  the  esteem 
and  confidence  of  the  pubUc  and  the  respect  of  his  fellow-practitioners. 

The  engineer,  in  common  with  every  person  of  education  and 
sensibiUty,  should  be  guided  by  the  spirit  of  the  law  instead  of  by  a 
slavish  adherence  to  the  letter.    And  surely  it  was  not  too  much  to 
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ask  that  The  American  Society  of  Mechanical  EIngineers  take  the 
lead  in  demanding  this  broader  ideal  by  so  framing  its  code  that  every 
member  of  the  Society  would  be  mider  pressm-e  as  a  member  (as  well 
as  an  individual)  to  consider  the  interest  of  the  community  to  be  his 
greatest  responsibiUty. 

Robert  J.  Hearne  submitted  a  written  discussion  in  which  he 
said  that  while  the  Society's  code  of  ethics  might  need  rewriting, 
there  was  nothing  in  it  directly  antagonistic  to  the  consideration  of 
the  public  welfare  by  an  engineer.  The  code  must  be  read  as  a 
whole. 

Although  one  section  stated  that  ''the  engineer  should  consider 
the  protection  of  a  client's  or  employer's  interest  his  first  obUgation/' 
yet  the  preceding  section  said  he  must  ''be  governed  by  principles 
of  honor  and  honesty  and  should  satisfy  himself  .  .  .  that  the  enter- 
prise ...  is  of  legitimate  character,  and  if  it  is  of  questionable 
character  he  should  sever  his  connection  with  it  as  soon  as  practicable, 
cmding  in  so  doing  reflections  on  his  previous  associates."  There 
were  times  for  keeping  silent,  and  times  when  one  should  speak  out, 
and  it  surely  was  imethical  to  keep  silent  when  one  knew  of  wrong- 
doing or  incompetence. 

It  would  be  well,  in  his  opinion,  to  amend  the  section  first  re- 
ferred to  as  follows: 

The  engineer  should  consider  the  protection  of  a  client's  or  employer's  interests 
his  first  obligation,  and,  therefore,  should  avoid  every  act  contrary  to  his  duty, 
provided^  however^  that  his  dienVa  or  employer's  interest  does  not  infringe  the  rights 
of  the  public  or  any  individual, 

Charles  M.  Horton  wrote  that,  in  amending  the  code  it  would 

be  well  not  to  talk  of  things  having  to  do  with  the  "unprofessional" 

and  "inconsistent"  and  "imdignified,"  for  that  sort  of  admonition 

was  not  needed.    What  was  needed,  though,  and  which  should  be 

embodied  in  the  code,  was  forceful  language  having  to  do  with  the 

spirit  embodied  in  the  phrase  of  "live  and  let  live"  —  the  things 

which,  after  all,  were  necessary  if  life  were  to  be  worth  the  living,  not 

physically  but  spiritually,  and  a  living  to  all,  for  all.     Let  it  be 

written  what  we  should  do,  not  what  we  should  not  do;  the  negative, 

through  inference,  would  take  care  of  itself  —  and  woe  unto  him  who 

disobeyed  and  was  found  guilty. 

C.  Wellington  Koiner,  in  a  written  discussion,  said  that  in 
times  of  peace  the  best  interests  of  the  Government  were  not  con- 
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sidered  very  seriously.  The  scandalous  claims  and  set-ups  for  in- 
tangible values  that  had  been  made  before  railroad  commissions  and 
other  regulating  bodies  went  to  show  how  far  some  lawyers  and  some 
engineers  would  go  in  opposition  to  the  public  interest  and  in  viola- 
tion of  their  code  of  ethics. 

"All  for  the  state  and  the  state  for  all"  meant  that  its  interest 
was  to  be  considered  first  and  at  all  times  conserved,  in  order  that 
individuals  might  at  all  times  receive  the  maximum  benefits  from 
its  protection.  He  believed  with  the  author  that  every  code  now 
in  use  by  engineers  should  be  entirely  rewritten  on  much  broader 
lines  and  in  a  more  inspiring  key. 

Thomas  M.  Roberts  wrote  that  business  methods  of  long  usage 
were  in  practice  among  enjgineers  and  contractors,  and  the  custom  of 
driving  a  sharp  bargain  was  too  often  passed  as  legitimate.  Such 
methods  might  be  expected  between  man  and  man  as  long  as  ethical 
standards  were  held  cheaply  or  of  little  value.  But  it  was  well  to 
consider  their  effect  on  our  country  and  its  Government  during 
the  war,  as  well  as  the  reflex  action  on  the  influence  of  engineers  in 
pubUc  life. 

It  seemed  unfortunate  that  the  Government  in  assembUng  war 
materials  had  been  repeatedly  handicapped  by  the  covert  efforts  of 
certain  engineer-contractors  who  had  inserted  in  their  specifications 
misleading  phrases  which  to  the  Government  officials  seemed  correct, 
yet  later  resulted  in  considerable  trouble  ^d  loss  to  the  project  in 
development.  These  men  in  their  specified  bids  for  public  service 
covered  the  letter  of  the  law,  but  they  violated  the  ethical  features 
of  honest  professional  practice.  Instances  were  on  record  where  the 
Government  had  been  obhged  to  pay  for  the  difference  in  cost  be- 
tween the  apparatus  it  originally  specified  and  the  different  thing 
offered  in  the  contractor's  bid,  which  proved  inadequate. 

Such  practices  might  not  strictly  be  classed  as  acts  of  "Aiding 
the  Enemy,"  but  they  represented  a  species  of  unethical  dealings 
which  no  society  of  engineers  or  engineer-contractors  should  coun- 
tenance. 

Engineers  should  emphasize  this  fundamental  feature  of  our 
republic  that  a  public  interest  is  inseparably  bound  to  the  common 
welfare,  and  therefore  every  engineer  and  engineer-contractor  in 
dealing  with  a  public  interest  is  bound  by  an  ethical  tie,  which  is 
paramount  to  the  written  law,  and  he  should  have  a  keen  sense  of 
justice  toward  the  common>eal. 
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Thornton  Lewis,  in  a  written  discussion,  said  that  his  observa- 
tion led  him  to  believe  that  engineers  as  a  class  fulfilled  their  duty  to 
the  public  just  as  faithfully  as  did  the  men  of  the  other  professions 
such  as  doctors,  lawyers,  etc.  This  was  no  reason,  however,  why 
engmeers'  codes  should  not  express  the  fact  that  pubUc  interest  is 
the  first  duty.  In  fact,  there  were  many  positive  reasons  why  they 
should,  among  them  being  the  inspiration  and  stimulation  to  unselfish 
action  which  the  younger  men  of  the  profession  would  and  should 
receive  from  them. 

Since  engineers  were  more  and  more  becoming  dominating  factors 
in  public-service  corporations  and  the  manufacturing  industries, 
could  not  in  reality  a  better  condition  of  society  in  general  be  brought 
around  by  helping  them  to  see  more  clearly  the  path  of  duty  to  the 
pubUc,  which,  in  the  long  run,  would  be  to  the  best  interests  of  their 
corporations  and  to  their  best  selves? 

The  new  code  of  ethics  must  embody  the  thought  that  he  who 
serves  humanity  most  serves  himself  best. 

A.  F.  Nagle  wrote  that  the  founders  of  the  Society  were  not 
indifferent  to  the  ethical,  or  moral,  character  of  its  membership,  as 
was  evidenced  by  the  fact  that  they  required  a  rigid  search  to  be 
made  by  the  Council  into  an  applicant's  experience  and  character, 
and  if  favorably  acted  upon,  his  name  was  to  be  submitted  to  a 
voting  membership  consisting,  at  present,  of  over  8000,  where  but 
two  negative  votes  would  exclude  him  (see  C  17).  If,  perchance,  a 
bad  man  should  slip  in,  he  could  at  any  time  be  expelled  by  a  two- 
thirds  vote  of  the  Council  (see  C  25),  hence  one  had  to  be  not  only  a 
good  man  to  get  in  but  he  had  to  remain  good  to  stay  in! 

llr.  Cooke's  plea  that  the  public  interest,  be  it  city,  state,  nation, 
or  humanity  at  large,  should  have  paramount  service  from  us, 
prompted  him  to  ask  what  was  implied.  If  the  engineer  was  the  sort 
of  man  we  rightly  assumed  him  to  be,  he  would  deal  faithfully  with 
all  his  clients.  What  more  could  he  do  ?  Mr.  Nagle  further  stated 
that  he  had  been  in  the  employ  of  cities,  state  and  nation  nearly  one- 
half  of  his  business  life,  and  could  unhesitatingly  say  that  the  per- 
sonnel of  the  engineers  he  had  met  in  the  public  service  had  compared 
very  favorably  with  those  outside. 

Oberlin  Smith  said  that  while  it  was  undoubtedly  true  that  the 
engineering  profession  owed  much  to  the  public  which  had  fostered 
and  used  its  work,  the  statement  regarding  the  duty  of  engineers  to 
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the  public  suggested,  per  contra^  the  duties  the  public  owed  the 
engineers.  In  this  progressive  age,  with  its  enormous  increase  in 
efficiency  due  almost  altogether  to  engineering  to  engineering  inr 
ventions,  why  were  the  halls  of  Ck)ngress  peopled  with  lawyers, 
merchants  and  farmers,  not  to  say  professional  poUticians,  with 
scarcely  an  engineer  in  the  whole  conclave?  The  engineers,  with 
their  brethren  the  architects  and  physicians,  had  not  only  collabo- 
rated in  the  building  up  of  science  and  art,  but  of  the  good  morals  and 
the  health  and  wealth  of  their  communities,  and  they  certainly  should 
have  a  large  share  in  the  making  of  laws  which  would  tend  to  greater 
production,  with  greater  efficiency,  of  the  tools  with  which  our 
civilization  was  builded. 

As  most  engineers  did  not  have  time  to  become  practical  politi- 
cians, they  would  have  to  depend  upon  their  non-engineering  friends 
to  work  gradually  toward  such  a  reform.  This  could  only  be  done 
by  the  promotion  of  a  proper  enUghtened  sentiment  among  the  mass 
of  the  people.  As  this  increases,  might  we  not  hope  for  a  higher 
morale  and  greater  efficiency  in  our  state  and  national  legislatures 
by  the  embodiment  therein  of  more  and  more  clergymen,  phjrsicians, 
architects  and  engineers? 

• 

James  Reed,  Jr.,  wrote  that,  judging  from  his  own  educational 
experiences,  there  was  at  technical  schools  an  almost  complete  lack  of 
emphasis  placed  on  the  importance  of  realization  by  engineers  of  the 
public  interest. 

He  firmly  believed  that  the  remedy  was  a  thorough  and  ocmstant 
teaching  at  engineering  schools  of  the  higher  ethics  of  the  profeBsioD, 
the  cUizenship  duiy  of  the  engineer,  just  as  at  West  Point  and  Annap- 
olis the  highest  ideals  of  patriotism  and  loyalty  were  imceasiii^y 
held  before  the  students.  He  therefore  offered  the  suggestion  that 
a  constant  effort  be  made  to  hold  before  the  student  the  importance 
of  this  realization  in  the  practice  of  his  profession :  that  the  public 
interest  is  not  to  be  forgotten  or  put  aside  for  the  benefit  of  the 
corporate  interest. 

L.  P.  Alford  said  that  the  discussion  clearly  called  for  a  refram- 
ing  of  the  Society's  code  of  ethics.  Associated  with  that  leframing, 
however,  should  be  the  restatement  of  another  provision  of  the 
Society,  namely,  the  statement  of  the  aims  and  objects  ezpreesed 
in  its  Constitution.  They  were  quite  narrow  and  technical,  yet  the 
tendency  for  the  last  few  years  had  been  to  make  the  Society  induB- 
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trial  rather  than  purely  a  society  of  mechanical  engineering.  The 
actiTities  of  the  Society  had  been  broadened  beyond  its  statement  of 
aims.  The  restatement  of  the  code  of  ethics  was  to  reframe  for  the 
manbers  the  ideal  of  the  duties  of  the  engineer.  When  the  revised 
draft  of  the  code  of  ethics  was  presented  there  should  also  be  pre- 
sented a  consistent  revised  draft  of  the  objects  and  aims  of  the 
Society. 

The  following  resolution  was  introduced  by  Mr.  Alford,  and  was 
carried  by  vote  of  the  meeting: 

Because  of  the  interest  aroused  by  the  paper  presented  by  Mr.  Morris  L. 
Cooke  at  the  Worcester  meeting,  and  because  of  the  frequently  expressed  belief 
that  the  work  and  activities  of  The  American  Society  of  Mechanical  Engineers 
have  outgrown  its  statement  of  aims  and  objects,  it  is  respectfully  suggested  to 
the  Council  of  the  Society  that  steps  be  taken  to  reformulate  the  objects  and  aims 
of  the  Society  as  presented  in  the  Constitution,  and  to  recast  the  Code  of 
EtiuGB  of  the  Society  to  bring  these  in  keeping  with  the  interests  and  activities 
of  the  Society  as  a  whole. 

Calvin  W.  Rice  said  that  he  had  been  making]|thejBpirit  of  the 
paper  a  religion  in  his  administration  of  the  office  of  Secretary  of  the 
Society,  and  that  he  welcomed  the  opportunity  to  express  his  faith 
in  the  ideals  of  the  engineering  profession. 

Mr.  CJooke  had  referred  to  the  way  in  which  President  Lincoln 
aroused  the  dormant  moral  feeling  of  the  North  in  the  support  of  his 
proclamation  of  emancipation,  and  he  desired  to  point  out  that  from 
the  very  fact  that  this  feeling  was  dormant,  it  already  existed  in  the 
niinds  and  hearts  of  the  people  and  needed  merely  to  be  aroused. 

Mr.  Cooke  had  also  told  how  President  Wilson,  with  great  ability, 
had  sensed  the  ideals  of  the  Nation  in  this  time  of  world  war.  In  the 
same  way  as  before,  these  ideals  were  already  existent  and  needed 
only  to  be  phrased;  and  he  claimed  for  the  engineers  of  the  country, 
as  individuals  and  idealists  in  an  ideal  profession,  that  they  had 
contributed  their  share  to  the  state  of  opinion  and  to  the  ideals  of 
the  Nation  in  the  war,  such  as  the  President  had  expressed. 

As  a  concrete  example  of  this  he  would  instance  the  dedication  of 
the  magnificent  new  clubhouse  of  the  Dayton  Engineers'  Club:  to 
the  dissemination  of  truth  and  to  the  creation  of  civic  righteousness. 
This  was  a  cheering  example  of  the  new  spirit  of  the  Nation,  which 
showed  that  in  one  case  at  least  the  engineering  profession  was  alive 
to  the  spirit  of  the  times. 

He  had  recently  made  a  study  ^  of  the  stated  objects  of  some 

'  This  study  was  published  in  Thb  Journal,  September  1918,  pp.  753-754. 
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ninety  of  the  largest  and  best-known  professional  societies,  including 
professions  other  than  engineering,  both  in  the  United  States  and 
abroad,  and  had  found  but  one  engineering  society  —  and,  strange 
to  say,  it  was  in  Germany  —  that  in  its  constitution  approached 
what  the  A.  S.  M.  E.  aimed  to  do.  As  nearly  as  he  could  remember, 
the  objects  of  the  Verein  deutscher  Ingenieure  were  twofold:  devo- 
tion to  the  engineering  profession,  and  to  the  development  of  engineer- 
ing for  the  benefit  of  the  Fatherland.  Here,  however,  the  one  thing 
was  lacking  that  was  lacking  in  the  whole  of  (jermany:  There  was 
no  expression  of  the  spirit  —  it  was  all  for  the  state. 

It  was  not  sufficient  that  we  have  the  objects  of  the  Society  and  of 
the  profession  for  the  benefit  alone  of  the  United  States  of  America. 
That  would  be  far  short  of  the  goal.  We  should,  as  Dr.  Hollis  had 
urged,  reconsecrate  ourselves  to  our  new  ideals,  as  displayed  in  the 
dedication  of  the  Dayton  Engineers'  Club. 

R.  Sanford  Rilet  referred  to  the  broadening  conception  of  the 
engineering  profession,  and  said  that  when  he  entered  the  profession 
he  had  not  realized  that  engineers  were  as  well  qualified  as  others  for 
general  service  to  their  country.  It  was  easy  for  engineers  to  criticise 
the  fact  that  Congress  was  filled  with  lawyers  and  others  in  different 
lines  of  business,  but  it  was  largely  the  fault  of  the  engineers  them- 
selves. They  were  growing  in  numbers  and  growing  in  importance. 
To  grow  proportionately  in  power  they  must  be  interested  in  larger 
affairs  than  their  own.  Worcester  was  important  as  a  city  largely 
because  it  was  a  city  of  engineers.  They  continued  to  form  so  large 
a  proportion  of  the  community  that  from  necessity  they  had  become 
accustomed  to  doing  things  in  a  pubUc  way  —  and  the  city  had  not 
lost  anjrthing  in  consequence. 

The  Author,  in  closing,  called  attention  to  a  remarkable  docu- 
ment, A  Study  in  Hospital  Efficiency,  comprising  a  case  report  of  the 
first  five  years  of  a  private  hospital,  by  E.  A.  Codman,  M.D.,  15 
Pinckney  St.,  Boston,  Mass.  The  report  was  remarkable  because  it 
analyzed  with  freedom  and  truthfulness  every  case  treated  and  showed 
whether  there  were  errors  on  the  part  of  the  surgeon  through  poor 
diagnosis  or  lack  of  technique;  faults  in  nursing;  faults  on  the  part  of 
the  patient,  etc.  This  he  instanced  as  an  advanced  step  in  profes- 
sional ideals.  The  report  also  constituted  a  strong  condemnation  of 
fee  spUtting,  which  so  often  leads  to  unnecessary  surgery.  The 
apph'cation  to  other  professions  was  obvious. 
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The  usual  method  employed  in  determining  the  efficiency  of  a  gear  drive  is  one  in 
vikich  the  power  loss  is  obtained  by  measuring  the  input  and  output  and  subtracting 
the  latter  from  the  former.  In  good  drives,  however,  the  efficiency  is  high  and  the 
input  and  output  are  very  nearly  equal,  and  any  error  in  their  measurement  wUl  result 
in  a  large  per  cent  error  in  their  difference,  or  the  power  loss.  It  is  therrfore  evident 
^  a  method  by  which  the  power  loss  may  be  direc&y  measured  wiU  be  much  more 
(Kcurate, 

The  authors  describe  such  a  method,  developed  recently  in  the  Mechanical  En" 
gineering  Laboratories  of  the  Worcester  Polytechnic  Institute.  In  the  apparatus 
^^  an  dedric  motor  is  so  suspended  in  a  cradle  that  both  its  armature  and  field  are 
JTU  to  turn.  The  armature  shaft  is  connected  directly  to  the  pinion  gear  shaft  and  the 
^fVfen  shaft  directly  to  an  Alden  absorption  dynamometer.  The  reaction  of  the  motor 
Mi  is  balanced  by  the  action  of  the  dynamometer  through  a  simple  lever  the  arms  of 
vMi  are  accurately  proportioned  to  the  ratio  of  the  gears. 

Residts  of  tests  on  bevel-gear  and  worm-gear  drives  are  given  in  tables  and  charts, 
find  from  the  form  of  the  curves  presented  and  the  consistency  of  the  data  the  authors 
condude  that  the  method  described  is  apparently  the  best  yet  devised  for  testing  gear 
^rioee  of  all  types. 

A  PPARATUS  for  determining  the  efficiency  of  gears  and  other 
drives  has  recently  been  developed  and  used  for  making  tests 
in  the  Mechanical  Engineering  Laboratories  of  the  Worcester  Poly- 
technic Institute.  The  fundamental  principle  of  the  apparatus 
consists  in  the  direct  measurement  of  the  loss  of  power  in  the  gear 
drive  instead  of  the  usual  method  of  determining  the  input  and  out- 
put and  subtracting  one  from  the  other. 


Presented  at  the  Spring  Meeting,  Worcester,  Mass.,  June  1918,  of  The 
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2  Since  the  efficiency  of  good  geared  drives  is  relatively  high, 
the  input  and  output  are  very  nearly  equal,  and  any  small  errors  in 
the  measurement  of  these  relatively  large  quantities  will  make  a  very 
large  per  cent  error  in  the  difference,  which  is  the  power  loss. 

3  It  is  therefore  evident  that  a  method  by  which  the  loss  may  be 
measured  directly  and  independently  of  the  input  and  output  would 
be  very  much  more  accurate. 

THEORY  OF  APPARATUS  USED   IN   THE  TESTS 

4  The  theory  of  the  apparatus  which  was  used  in  the  tests  is  as 
follows:  An  electric  motor  is  so  hung  in  a  cradle  that  both  its  arma- 
ture and  field  are  free  to  turn.  The  armature  shaft  is  connected 
directly  to  the  pinion  gear  shaft  and  the  driven  shaft  directly  to  an 
Alden  absorption  dynamometer.  The  reaction  of  the  motor  field  is 
balanced  by  the  action  of  the  absorption  dynamometer  through  a 
simple  lever.  The  arms  of  the  lever  are  accurately  proportioned  to 
the  ratio  of  the  gears. 

5  The  general  idea  of  the  apparatus  is  as  follows:  An  electric 
induction  motor  is  hung  in  a  cradle  on  double  roller  bearings,  and  an 
arm  attached  to  the  motor  casing  makes  a  cradle  dynamometer. 
The  motor  shaft  is  connected  directly  to  the  drive  shaft  and  an  Alden 
dynamometer  is  put  on  the  driven  shaft.  These  dynamometers  are 
so  arranged  that  the  force  exerted  by  the  end  of  the  arms  is  downward. 
The  arms  of  the  dynamometers  are  of  equal  length  and  at  the  end  of  each 
is  a  fixed  knife  edge.  A  lever  with  three  knife  edges  mounted  upon 
it  has  the  two  outer  knife  edges  adjusted  so  that  the  distance  between 
them  is  equal  to  the  distance  (horizontal)  between  the  dynamometer 
knife  edges.  The  third  knife  edge  divides  this  distance  into  segments 
whose  ratio  to  each  other  is  the  same  as  the  gear  ratio.  These  three 
knife  edges  lie  in  the  same  straight  line.  The  lever  is  now  placed 
directly  over  the  line  between  the  dynamometer  knife  edges,  and  is 
supported  by  the  third  knife  edge  which  rests  on  platform  scales. 
The  end  knife  edges  of  the  lever  are  connected  to  the  dynamometers 
in  such  a  way  that  the  high-speed  dynamometer  is  connected  to  the 
long  arm  of  the  lever.  A  counterweight  and  a  rider  weight  are 
mounted  upon  the  lever.    See  Fig.  1. 

METHOD  OF  TESTING 

6  The  method  of  testing,  so  far  as  the  operation  of  the  lever 
system  is  concerned,  is  identical  for  all  tests,  and  therefore  the  ex- 
planation of  its  action  is  made  perfectly  general. 
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7  The  center  of  gravity  of  the  Alden  brake  was  very  nearly  in 
the  horizontal  plane,  so  that  a  slight  movement  of  the  arm  did  not 
measurably  affect  its  balance.  The  cradle  dynamometer  was  so 
loaded  that  its  center  of  gravity  was  only  a  short  distance  below  the 
shaft  center,  and  a  load  of  2  lb.  at  the  end  of  the  arm  was  enough  to 
entirely  upset  its  equiUbrium.  The  lever  was  then  placed  in  position 
as  described  above  and  statically  balanced  by  means  of  the  counter- 
weight shown  in  Fig.  1.  A  long  pointer  attached  to  the  lever  showed 
the  position  of  the  system  relatively  to  the  initial  condition  of  balance. 

8  When  the  rider  weight  W  was  in  its  initial  position,  the  load 
Pt  (see  Fig.  1)  was  noted  as  the  initial  reading  of  the  platform  scales. 
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Fig.  1    General  Layout  op  Apparatus  Shown  in  Fig.  2 

9  The  variables  entering  into  the  balance  of  this  apparatus  are 
then  the  forces  Pi,  F^  and  Ps,  and  the  displacement  of  the  rider  weight. 
^3  naay  be  measured  at  any  time  while  the  apparatus  is  in  operation 
and  80  may  the  displacement  of  the  rider  weight. 

10  It  should  be  noted  here  that  the  amount  of  Pa  has  nothing 
to  do  with  the  calculation  of  the  power  loss,  which  is  found  as  follows: 


METHOD  OF  MEASURING  POWER  LOSS 

11  It  will  be  seen  from  the  preceding  description  and  from  Fig.  1 
that  Pix  =  Pit/  for  100  per  cent  efficiency;  but  since  the  efficiency  is 
never  100  per  cent,  F\x  must  exceed  P%y  by  the  amoimt  necessary  to 
overcome  the  loss  in  moment.  This  difference  immediately  upsets 
the  balance  of  the  lever,  of  course,  but  equilibrium  may  again  be 
restored  by  shifting  the  position  of  the  rider  weight  in  the  proper 
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direcUon.  This  displacement  of  the  rider  weight  is  therefore  & 
measurement  of  the  change  of  moment,  and  when  corrected  for  the 
speed  of  the  apparatus  it  is  a  measurement  of  the  power  loss. 

12  Here  the  input  power  is  automatically  balanced  against  tha 
output  and  any  little  change  in  the  latter  is  immediately  token  care 
of  by  the  motor,  and  it  is  impossible  for  the  apparatus  to  be  out  of 
balance  except  by  the  amount  of  the  transmission  loss.  This  is  the 
feature  of  the  method  which  distinguishes  it  from  all  others. 

13  The  power  transmitted  by  the  drive  may  be  computed  by 
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noting  the  change  in  the  load  Pi  on  the  platform  scales,  and  such 
computations  will  be  shown  later. 

14  In  operating  it  was  found  necessary  to  start  the  apparatus 
and  let  it  run  for  several  minutes  before  taking  note  <tf  the  initial 
position  of  the  tever.  The  sero  reading  was  frequently  cheeked  during 
the  period  of  testing. 

BFFICIENCT   TEST  OF   BBVEL-OEAB  DRIVS 

15  Data  of  Oears  and  Apparaiua.  The  gears  were  5  per  cent 
nickel  steel,  case-hardened,  5  pitch,  l^in.  face.  They  were  cut  by 
the  Brown  A  Sharpe  Mfg.  Co.  and  were  mounted  by  them  on  ball 
bearings  especially  designed  for  testing  purposes.     Fig.  2  shows  tbe 
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apparatus  set  up  for  this  test.    Following  are  the  preliminary  data 
employed: 

Number  of  teeth  in  gear 52 

Number  of  teeth  in  pinion 14 

Ratio,  52  +  14 ; 8.714 

Total  length  of  lever  between  outside  knife  edges^Csee  Fig.  3) 3.95  ft. 

Length  of  long  arm  of  lever 3.112  ft.  »  37.344  in. 

Length  of  abort  arm  of  lever 0.838  ft.  -  10.056  in. 

Length  of  dynamometer  arms 31.5  in. 

A  force  of  2  lb.  at  31.5  in.  is  equivalent  to  1  hp.  at  1000  r.p.m.,  for 
which  the  expression  1  hpiooo  will  be  used. 

16  Calculation  of  Horsepower  Loss  from  MovemerU  of  Rider. 
Referring  to  Fig.  3,  a  force  of  2  lb.  at  Pi  »  1  hpiooo.  Therefore 
2  X  37.344  s  in-lb.  of  moment  in  lever  necessary  for  1  hpiooo,  and  if  the 
rider  weight  is  3  lb.,  then  for  this  to  balance  1  hpiooo,  3x  must  equal 
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Fig.  3  Dimensioned  Sketch  of  Apparatus 


. 


2  X  37.344,  whence  x  =  24.893,  and  therefore  a  movement  of  24.893 
"!•  of  the  rider  is  equivalent  to  1  hpiooo  for  a  3-lb.  rider. 

17  If  the  rider  weighs  but  \\  lb.,  then  the  same  displacement 
means  only  \  hpiooo.  A  paper  scale  was  made  according  to  these 
figures  and  was  fastened  to  the  lever.  The  readings  for  hp.  loss 
were  taken  from  it  throughout  the  test. 

18  Calcudation  for  Horsepower  Inptd.  Referring  to  Fig.  3,  since 
the  initial  load  of  P3  was  taken  with  the  rider  weight  W  already  on 
the  lever,  a  change  in  the  position  of  W  does  not  change  P|,  but  merely 
changes  the  moment.  Therefore,  in  moment  equations  of  the  lever, 
regardless  of  where  the  center  of  moments  is  taken,  the  arm  of  the 
moment  of  TF  is  always  the  distance  from  the  zero  position. 

19  The  force  Pi  is  a  measure  of  the  input  power  if  the  speed  is 

known,  and  it  is  merely  necessary  to  calculate  this  value  in  order  to 

solve  the  problem.    Considering  the  moment  equation  of  the  lever, 

we  have 

0.838  P,  -  3.95  Pi  +  Wz^O 
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0.838  F,  +  ffl 
'  "  3.95 

Pi  -  0.2122  P,  + 0.759 1 

P, -0.2122  P,  + 0.379  X 
X  being  the  displacement  of  W  measured  in  feet. 
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20  Referriog  to  Table  1,  for  accuracy  of  recorded  data  the  values 
ID  column  5  (x  ft.)  and  column  10  (rider  hpmo)  should  vary  together 
since  they  both  refer  to  the  diaplacement. 

21  Column  10  is  recorded  for  one  purpose  and  read  from  the 
paper  scale  directly  in  hpuno,  while  column  5  is  recorded  for  another 
purpose  and  the  measurement  is  recorded  in  feet  measured  by  an 
ordinary  rule. 

22  It  is  necessary  to  read  the  values  recorded  in  column  10  with 
as  great  accuracy  as  possible,  but  the  approximate  distance  to  the 
mean  position  as  determined  in  column  10  is  as  close  as  it  if 
to  record  the  values  of  column  5. 
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23  The  values  in  column  10  after  correction  for  speed  give  the 
total  loss  in  power  and  become  therefore  the  whole  of  the  numerator 
of  the  equation  for  loss  of  efficiency,  namely, 

r  £     in    '  Hp.loSS 

Loss  of  efficiency  =  tt     • 1 

•^      Hp.  mput 

These  values  for  hp.  loss  are  recorded  to  three  significant  figures,  but 
the  third  is  somewhat  in  doubt,  and  therefore  the  absolute  accuracy 
is  only  through  two  significant  figures. 

24  In  figuring  hp.  input  it  is  necessary  to  use  the  value  Pi, 
which  is  obtained  by  means  of  the  equation  Pi  =  0.2122  Pi  +  0.759  x, 
where  z  is  the  value  in  column  5.  The  maximimi  variation  in  feet 
from  the  mean  position  (colunm  10)  is  less  than  0.1  ft.,  but  suppose 
that  it  was  0.1  ft.;  then  column  5  might  have  been  1.8  instead  of 
1.7  as  in  the  first  recorded  line. 

25  To  see  what  the  effect  of  such  a  discrepancy  would  be,  the 
following  computations  have  been  made,  takings  =  1.8  and  x  =  1.7, 
respectively: 

P,  =  200;       0.2122  P,  =  42.44 
Pi  =  42.44  + 0.759  X 

=  42.44  +  (0.759  X  1.8)  or  =  42.44  +  (0.759  X  1.7) 

=  42.44  +  1.36  or  =  42.44  +  1.29 

=  43.80  or  43.75. 

26  As  hpiooo  input  =  ^Pi,  then  hpiooo  equals  either  21.90  or 
21.865,  and 

Hp.  loss   _  Riderhpiooo 

Hp.  input      Input  hpiooo 
whence 

r  .    a:  '  0.746  0.746 

Loss  of  efficiency  =  ^   ^^     or 


21.90  21.855 

27  It  is  thus  seen  that,  measuring  as  accurately  as  possible, 
the  numerator  is  only  accurate  to  the  second  place,  the  third  being 
ui  doubt;  and  that  the  second  place  in  the  denominator  is  sure  and 
the  third  fairly  sure,  although  considered  in  doubt.  Therefore  the 
denominator  is  as  accurate  as  the  numerator. 

28  The  numerator  is  as  accurate  as  the  apparatus  will  allow 
data  to  be  read,  and  therefore  the  inaccuracy  of  the  data  of  column 
5  has  no  effect  on  the  final  accuracy  of  the  work. 

29  In  Test  No.  1,  the  data  of  which  are  given  in  Table  1,  prac- 
tically no  lubrication  was  used,  the  gears  having  been  washed  off 
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with  gasoline.  Previous  to  this  there  had  been  oil  and  graphite  on 
the  gears  and  some  of  the  graphite  still  remained  on  the  teeth.  How- 
ever, after  running  for  a  while  they  were  practically  non-lubricated. 
The  3-lb.  rider  had  to  be  used  in  this  case  because  of  the  amount  of 
the  friction  loss,  which,  by  the  way,  was  sufficient  to  cause  the  gears 
to  heat  considerably. 

30  Table  1  gives  only  a  few  of  the  results  actually  obtained,  for 
the  apparatus  was  started  time  after  time  and  the  balance  by  tbe 
rider  gave  the  same  results  over  and  over  again. 

31  The  next  test  was  made  to  see  how.much  the  efficiency  would 
be  increased  with  good  lubrication.  Accordingly  some  heavy  oil 
and  flaked  graphite  were  mixed  and  used  as  a  lubricant.    The 
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efficiency  was  so  much  increased  that  the  IHb.  rider  wei^t  waa 
sufficient,  and  again  it  was  foimd  that  the  same  results  were  obtained 
time  after  time.    The  recorded  data  appear  in  Table  2. 

32  Later,  after  the  graphite  and  oil  had  become  more  perfectly 
blended,  another  test  was  made,  tbe  recorded  data  for  which  are 
given  in  Table  3. 

•  33  The  efficiency  curves  for  these  three  tests  are  all  given  in 
Fig.  4.  The  difference  between  the  results  of  non-lubricated  and 
lubricated  conditions  is  perfectly  clear.  The  test  with  the  more 
perfect  blending  of  the  lubricant  showed  results  identical  with  tbe 
previous  one  except  as  indicated  by  the  dash  line  at  the  end  of  the  upper 
curve.  This  showed  that  the  lubricant  was  not  squeezed  out  from 
between  the  teeth  at  quite  so  low  a  pressure. 

34  The  form  of  the  curves  and  the  consistency  of  \he  readings 
convipced  the  experimenters  that  very  reUable  results  had  been 
obtained. 
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35  Data  of  Gear,  Warm  and  ApparaitAS.  The  gear  was  made  of 
phosphor  bronze  with  40  teeth;  pitch  diameter,  10.5704  in.;  throat 
diameter,  10.9964  in.;  circular  pitch,  0.8302  in.;  angle  of  teeth  with 


TABLE  2    DATA  OF  EFFICIENCY  TEST  OF  BEVEL-OEAR  DRIVE 

HiATT  On.  Axn>  GBATHin  Lubbdcahon 


R.p.m. 

of 
motor 

SeiJe 

£! 

0^122P« 

z 

0.379  X 

Pi 

Input, 

bpNOi 

Input, 

aetual 

hp. 

hpNOi 

Hp. 

lOM 

Output, 
hp. 

Eff'y. 
omt 

1100 

5 

200 

42.44 

1.25 

*  0.474 

42.914 

21.457 

23.72 

0.830 

0.366 

23.856 

98.4 

1100 

5 

200 

42.44 

1.25 

0.474 

42.914 

21.457 

28.72 

0.300 

0.332 

23.388 

98.5 

1100 

5 

200 

42.44 

1.25 

0.474 

42.914 

21.457 

23.72 

0.302 

0.334 

23.886 

98.5 

1106 

5 

200 

42.44 

1.25 

0.474 

42.914 

21.457 

23.72 

0.301 

0.333 

23.387 

98.6 

1106 

5 

200 

42.44 

1.25 

0.474 

42.914 

21.457 

23.72 

0.303 

0.335 

23.385 

98.6 

1106 

5 

200 

42.44 

1.25 

0.474 

42.914 

21.457 

23.72 

0.300 

0.332 

23.388 

98.5 

1130 

160 

33.95 

0.90 

0.341 

34.291 

17.145 

19.49 

0.228 

0.259 

19.231 

98.6 

1139 

160 

33.95 

0.90 

0.341 

34.291 

17.145 

19.49 

0.220 

0.250 

19.240 

98.7 

1135 

160 

33.95 

0.90 

0.341 

34.291 

17.145 

19.49 

0.225 

0.266 

19.233 

98.6 

1164 

120 

26.46 

0.53 

0.201 

25.661 

12.830 

14.91 

0.124 

0.144 

14.766 

99.0 

1164 

120 

25.46 

0.53 

0.201 

25.661 

12.830 

14.91 

0.124 

0.144 

14.766 

99.0 

1160 

120 

25.46 

0.53 

0.201 

25  661 

12.830 

14.91 

0.123 

0.143 

14.767 

99.0 

1175 

80 

16.97 

0.50 

0.189 

17.159 

8.579 

10.08 

0.120 

0.141 

9.939 

98.45 

1175 

80 

16.97 

0.50 

0.189 

17.159 

8.579 

10.08 

0.120 

0.141 

9.939 

98.45 

1175 

80 

16.97 

0.50 

0.189 

17.159 

8.579 

10.08 

0.120 

0.141 

9.939 

98.45 

1194 

40 

8.49 

0.50 

0.189 

8.679 

4.339 

5.19 

0.120 

0.143 

5.057 

97.4 

1194 

40 

8.49 

0.50 

0.189 

8.679 

4.339 

5.19 

0.120 

0.143 

5.057 

97.4 

1194 

40 

8.49 

0.50 

0.189 

8.679 

4.339 

5.19 

0.120 

0.143 

6.057 

97.4 

1200 

1 

20 

4.245 

0.50 

0.189 

4.434 

2.217 

2.67 

0.120 

0.144 

2.526 

94.6 

1200 

20 

4.245 

0  50 

0.189 

4.434 

2  217 

2.67 

0.120 

0.144 

2.526 

94.6 

1200 

20 

4.245 

0.50 

0.189 

4.434 

2.217 

2.67 

0.120 

0.144 

2.526 

94.6 

TABLE  3    DATA   OF  EFFICIENCY   TEST   OF   BEVEL-GEAR   DRIVE 

HiAVT  On.  AHD  Gbaphitk  Lubbication.    Graphitk  and  Oil  Blended  bbttkb  than  in  Tbst 

or  Table  2 


R.p.m. 

of 
motor 

Scale 
pan, 
lb. 

P» 

lb. 

0.2122  P, 

X 

ft. 

0.379  r 

1 
p       Input, 
1       *       hpion 

1 

Input. 

actual 

hp. 

Rider 
hpim 

1 

Hp.    Output, 
ioes        hp. 

Eff'y , 

P« 
cent 

1122 
1124 

5 
5 

200 
200 

42.44 
42.44    ^ 

1.16 
1.16 

0.417 
0.417 

1 

42.857'  21.428 
42.857   21.428 

24.09 
24.09 

0.27 
0.27 

0.3031  23.787 
0.303'  23.787 

98.7 
98.7 

1143 
1141 

4 
4 

160 
160 

33.95 
33  95 

0.80 
0.80 

0.303 
0.303 

34.253    17.126 
34.253    17.126 

19.58 
19.58 

0.19 
0.185 

0.217    19.363 
0.212    19.368 

98.8 
98.8 

1162 

3 

120 

25.46 

0.58 

0.220 

25.680    12.840 

14.91 

0.14 

0.103|  14.747 

99.0 

1177 

2 

80 

16.97 

0.50 

0.189 

12.159|    8.570 

10.08  ! 

0.12 

O.r.l     9.939 

98.4 

1195 

1 

40 

8.49 

0.50 

0.189 

8.679     4.339 

5.19 

0.12 

0.143     5.057 

97.4 

1200 

i 

20 

4.246 



0.50 

0.189 

4.434      2.217 

2.67 

1 

0.12 

0.144;    2.526 

i 

94.6 

axis,  38°  16'  5";  normal  circular  pitch,  0.6518  in.;  thickness  of  tooth, 
0.35G8  in. 

36    The  worm  was  made  of  Aurora  steel,  case-hardened,  and  had 
teeth;  pitch  diameter,  3.015  in.;  outside  diameter,  3.441  in.;  cir- 
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cular  pitch,  1.0524  in.;  angle  of  teeth  with  axie,  51°  43'  65";  thick- 
ness of  tooth,  0.295  in.;  lead,  7.4719  in. 

37  This  drive  was  made  by  the  Brown  d^  Sharpe  Mfg.  Co.,  and 
mounted  by  them  in  a  ball-bearing  case  especially  designed  for  the 
purpose  of  testii^.  The  set-up  of  the  apparatus  was  the  same  as  for 
the  bevel-gear  testa  (see  Fig.  3),  except  that  the  positions  of  the  knife 
edges  on  the  lever  were  changed  to  agree  with  the  new  gear  ratio, 
giving  the  following  dimensions: 

Number  of  teeth  in  gear .' 40 

Number  of  teeth  in  worm 9 

Ratio,  «  +  B 4.4M 

Total  length  of  lever  between  outaide  knife  edgeA S.M5  ft. 

Length  of  Itmg  arm  of  levw 3.07S5  ft.  -  3S.73  iou 

Length  of  Rhort  arm  of  lever O.660S  ft.  -  SM  in. 

Length  of  dynamometer  anna 31.5  in. 

TABLE  t    DATA  OF  EFTICIBNCT  TEST  OV  WOBM-OBAR  DBIVB 
Tnia  Ob'*.  TmuH  On  LmaKtBoai 


38  Calculation  of  Horsepower  Lou  from  Movement  of  Biuttf. 
The  calculation  for  horsepower  loss  in  this  case  is  the  same  as  for  the 
bevel-gear  test  except  for  the  change  in  length  of  the  lever  arm  sod 
the  weight  of  the  rider.  In  this  teat  a  6-lb.  rider  was  used  and  the 
equation  is  as  follows: 

6x=  2X35.72 
from  which 

X  »  11.91 

therefore  a  movement  of  11.91  in.  of  the  rider  is  equivalent  to  1  hpMi 
for  a  6-lb.  rider.  A  paper  scale  laid  out  according  to  theoe  figune 
was  used  throughout  this  test. 


C.  H.  ALUBN  AND  F.  W.  BOTS  111 

39  Calcidalum  for  Bortepoioer  Input.  The  equations  are  of  the 
jjtme  form  as  those  for  the  bevel-gear  test  and  the  figures  are  as 
follows: 

0.6695  Pi  -  3.646  Pi  -  TFi  =  0 
and  for  IF  <-  6, 

P,  =  0.1837  P.- 1.647  a: 
I  bang  the  displacement  of  W  measured  in  feet. 

40  Considerable  trouble  was  experienced  at  first  in  getting  the 
initio  balance  of  the  apparatus  as  it  was  not  at  all  sensitive.  How- 
ever, it  was  soon  found  that  the  weight  of  the  Alden  dynamometer 
caused  a  deflection  of  the  shaft  and  consequently  friction  on  the  oil- 
retaiiui^  ring  of  the  gear  case,  which  bad  a  very  small  clearance. 
When  the  weight  of  the  djauunometer  was  taken  from  the  shaft  by 
means  of  a  cord  passed  around  the  hub  and  an  equalizii^  bar  above, 


HORSEPOWER  .INPUT 

Fig.  5    Horse po WE E-EmciBNcr  Curves  op  Worm-Geak  Drive 

Mulu  It  tiro  diSarent  UmpentuRs  of  lubrintiiic  bath.    Ratio.  40  to  9;  i.p-ni.  of  won 


to  which  the  ends  of  the  cord  were  attached,  the  apparatus  b 
senaitiye  at  once.  The  purpose  of  the  equahzing  bar  was  to  lift  the 
^ght  without  introducing  any  moment  for  shght  movements  of  the 
dynamometer  casing. 

41  This  apparatus  ran  without  anywhere  near  as  much  vibra- 
tion aa  the  bevel-gear  apparatus  and  it  was  accordingly  easier  to 
tacdle. 

42  A  heavy  oil  sold  by  the  Texas  Company  imder  the  name  of 
Thubaji  oil  was  used  for  lubrication.  The  power  loss  in  these  gears 
was  so  large,  however,  that  the  temperature  of  the  oil  bath  increased 
^ery  rapidly.  No  tests  were  run  to  determine  the  limit  of  this  rise 
or  rate  of  increase,  but  tests  were  made  at  certain  selected  tempera- 
tures.   Data  of  these  tests  are  given  in  Table  4. 
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43  By  testing  at  constant  temperature  the  e£Fect  of  the  change 
in  viscosity  of  the  oil  on  the  action  of  the  lever  was  eliminated,  but 
the  effect  on  the  efficiency  is  clearly  shown  by  the  curves  in  Fig.  5. 

44  It  is  of  course  obvious  that  no  test  could  actually  be  made  at 
constant  temperature,  and  the  tests  were  really  made  by  keeping 
the  load  constant  and  noting  the  loss  as  the  temperature  went  up. 
These  readings  were  recorded,  however,  as  if  the  tests  had  been 
constant-temperature  tests. 

45  It  is  interesting  to  note  in  Fig.  5  that  at  the  lower  tempera- 
ture, whep  the  oil  was  viscous,  the  efficiency  at  light  load  was  quite 
low,  while  at  the  higher  temperature  the  efficiency  increased,  as  one 
would  expect,  on  accoimt  of  its  taking  less  power  to  chum  up  the 
thinner  oil.  But  at  the  other  end  of  the  curves,  that  is,  the  high- 
power  end,  the  reverse  condition  is  foimd,  indicating  the  inability  of 
the  oil  to  maintain  proper  lubrication  at  high  tooth  pressures  when  it 
becomes  thin. 

46  Again  the  form  of  the  curves  and  the  consistency  of  the  data 
obtained  point  to  the  reliabiUty  of  the  apparatus. 

47  It  is  accordingly  concluded  that  this  apparatus  will  measure 
accurately  the  efficiency  of  any  positive  shaft  drive  where  both  shafts 
are  rotating  at  constant  speed,  and  that  it  seems  to  be  the  best  method 
yet  devised  for  testing  gear  drives  for  efficiency,  since  it  measures 
directly  the  actual  power  loss. 

48  While  this  paper  has  described  only  tests  of  bevel-  and 
worm-gear  drives,  tests  of  other  drives  have  been  made,  and  the 
method  is  applicable  to  all  types. 


DISCUSSION 

Wilfred  Lewis  (written).  I  cannot  quite  agree  with  the  authors' 
conclusion  in  Par.  47,  but  as  a  universal  method,  appUcable  to  all 
types  of  gear  drives,  as  stated  in  Par.  48,  I  think  that  they  have 
developed  a  very  simple  and  effective  way  of  testing  for  efficiency 
and  are  to  be  congratulated  on  the  novelty  of  the  scheme. 

In  Par.  40  it  is  stated  that  some  trouble  was  experienced  at  first 
and  some  interfering  variables  found,  and  this  admission  leads  me 
to  question  the  accuracy  of  the  tabulated  results.  I  do  not  see,  for 
example,  why  the  efficiencies  under  heavy  loads  should  be  so  much 
higher  than  they  were  under  Ught  loads,  unless  the  weight  of  the 
apparatus  itself  caused  a  good  deal  of  loss  in  journal  friction. 
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I  have  always  found  experiments  on  friction  elusive  and  difficult 
to  repeat  with  precision,  and  brake  resistance  particularly  difficult 
to  stabilize.  For  this  reason,  and  also  because  I  wanted  to  make 
endurance  tests  and  study  the  effect  of  wear,  the  apparatus  shown 
and  described  in  Vol.  32  of  Transactions  (1910)  was  designed  and 
built.  This  had  its  faults,  which  led  to  a  later  design,  described  in 
June  1914,  and  still  further  improvements  were  made,  as  described 
in  the  American  Machinist  for  September  28,  1916,  and  the  October 
Machinery  of  that  year. 


Fig,  6    Lewis  Gear-Testinb  Maciunk 

The  machine  built  for  the  Univer.sity  of  Ilhiiois  is  shown  in 
Figs.  6  and  7,  and  is  intended  to  measure  the  friction  loss  in  the 
gear  teeth  when  running  at  any  desired  pressure  and  speed. , 

Like  the  authors,  I  found  that  the  friction  loss  in  the  teeth  was 
sometimes  2  per  cent  or  less,  and  also  tliat  in  certain  cases  there 
was  a  somewhat  higher  percentage  of  lo.ss  under  light  loads,  but  it 
took  so  much  longer  to  build  the  rniichine  than  was  anticipated 
that  very  little  time  was  left  for  experimenting. 

I  do  not  at  all  beUeve  that  the  coefficient  of  friction  between  the 
teeth  decreases  as  the  pressure  increases  and  am  confident  that  the 
machine  will  demonstrate  this,  for  the  journal  pressures  are  com- 
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paratively  light  because  it  uses  only  about  2  per  cent  of  the  power 
that  the  authors  require  for  the  same  tooth  pressure  and  speed. 

The  important  thing  in  the  apparatus  shown  in  F^.  6  and  7 
is  the  friction  load  between  the  teeth,  and  that  is  what  should  be 
measured  accurately.  Along  with  it,  to  be  sure,  it  is  necessary  to 
measure  air  resistance  and  the  friction  in  the  ball  bearings  and  pipe 
joints.  But  while  running  at  a  given  speed,  the  load  on  the  teeth 
can  be  instantly  released,  and  what  remains  is  the  air  resistance  and 
the  swivel-joint  and  ball  friction.  By  reversing  the  direction  of 
rotation  the  zero  scale  readin^^  can  then  be  determined  with  great 


Fio.  7    Amotheb  View  of  Gear-Testino  Machis'e  Shown  in  Fio.  9 

accuracy,  making  it  possible  to  show  very  positively  just  bow  much 
effect  the  friction  in  the  teeth  produced  at  any  given  pressure  and 
speed. 

The  apparatus  described  in  the  paper  would  seem  to  be  particu- 
larly well  adapted  to  experiments  upon  the  efficiency  of  worm  gear- 
ing rather  than  for  spur  or  bevel  gears.  Bevel  gears  are  eseestially 
the  same  as  spurs,  that  is,  in  their  friction  analysis,  but  wonuB  are 
different,  and  in  worm  gearing  the  friction  loss  is  comparatively  ao 
great  that  the  use  of  an  absorbing  power  brake  is  really  not  exposed 
to  the  objection  made  when  applied  to  the  very  minute  lomiii  in 
spur  gearing. 
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The  apparatus  shown  in  Figs.  6  and  7  cannot  be  used  in  testing 
bevels  or  worms,  but  it  can,  I  believe,  test  spur  gears  more  accu- 
rately and  thoroughly  and  furnish  better  data  for  a  general  analysis 
of  the  friction  losses  in  spurs  and  bevels. 

Many  years  ago  I  made  numerous  experiments  on  the  ttansmis- 
sioii  of  power  by  gearing,  which  were  reported  in  Vol.  7  of  Trans- 
actions (1885).  Only  cast-iron  worms  were  used  in  these  experi- 
ments, and  I  believe  there  is  room  for  some  good  work  now  on  com- 
bmations  of  steel  and  iron,  steel  and  bronze  and  on  hardened-steel 
wonns  running  with  cast-iron  or  bronze  wheels. 

I  have  not  much  faith  in  hardening,  however,  because  a  hardened 
pin  always  wears  faster  than  the  soft  bearing  in  which  it  turns,  and 
naturally  enough  the  grit  that  works  in  sticks  to  the  softer  surface 
and  grinds  away  the  harder  material.  But  the  experiments  should 
be  made  and  I  think  the  method  devised  by  the  authors  could  be 
used  very  successfully. 

Charles  T.  Main  said  that  when  he  first  started  in  textile- 
mill  work,  bevel-gear  drives  were  very  generally  used.  No  one 
knew  exactly  how  much  power  was  consumed  in  them,  but  it  had 
been  his  practice  to  allow  a  loss  of  5  per  cent  where  the  gears  had 
been  well  designed  and  properly  cut.  Other  engineers  allowed  as 
high  as  10  per  cent  loss,  but  this,  as  the  paper  showed,  was  over 
three  times  too  much. 

Wm.  H.  Kenerson  said  that  those  who  had  tried  to  obtain  the 
efficiency  of  apparatus  comprising  bevel  gears  by  measuring  the 
power  input  and  output  mechanically,  were  aware  of  the  difficulty 
experienced  in  getting  accurate  results.  He  had  studied  and  experi- 
mented considerably  along  this  line  and  knew  of  no  apparatus  that 
gave  the  results  as  simply  as  that  described  in  the  paper. 

As  to  the  efficiency  of  gears,  he  was  inclined  to  think  that  it 
was  more  a  fimction  of  the  lubricant  used  than  of  the  gears  them- 
selves, assimtiing  properly  cut  gears;  and  it  was  to  be  hoped  that 
the  authors  would  answer  some  of  the  numerous  questions  engineers 
were  asking  about  gears  in  general  and  the  lubrication  of  gears  in 
particular  by  conducting  further  experiments  with  their  apparatus. 

C.  M.  Allen.  I  would  like  to  add  that  it  makes  no  difference 
what  gear  ratio  is  used.  If  it  is  1  :  1,  then  the  lever  is  so  divided 
that  the  fulcrum  is  at  its  center;  if  1  :  4,  the  fulcrum  is  placed  so 
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that  the  parts  on  each  side  of  it  are  in  the  same  ratio,  and  so  on; 
the  lever  itself  is  the  important  thing. 

In  reply  to  Mr.  H.  G.  Reist,  I  would  say  that  while  the  power 
can  undoubtedly  be  accurately  determined  by  measuring  the  input 
in  the  motor  instead  of  weighing  the  beam  on  the  brake,  I  prefer 
the  weighing  method,  as  the  result  is  visible. 

Mr.  Lewis  questions  the  accuracy  of  results  on  account  of  the 
admission  in  Par.  40.  If  he  will  look  at  the  paper,  he  will  find  that 
this  trouble  was  only  with  the  worm  gear  and  did  not  exist  with  the 
bevel-gear  apparatus,  and  that  after  all  it  was  only  on  account  of  the 
clearance  of  a  casing  being  too  small.  Since  this  is  the  fact,  the  au- 
thors fail  to  see  where  the  question  can  be. 

Mr.  Lewis  says  that  he  does  not  see  why  the  efficiencies  under 
heavy  loads  should  be  so  much  higher  than  at  hght  loads.  Is  it  pos- 
sible that  Mr.  Lewis  does  not  realize  that  the  curves  must  in  the 
beginning  theoretically  pass  through  the  zero  of  efficiency  at  no  power 
delivered?  for  it  will  certainly  take  some  power  to  drive  the  gears 
themselves.  This  being  the  case,  it  should  be  evident  that  the  max- 
imum of  efficiency  is  attained  only  at  some  power  for  which  the  gears 
work  best,  and  that  between  the  zero  and  this  point  there  is  a  rise  in 
efficiency  along  some  curve. 

If  the  apparatus  is  good  for  one  type  of  drive  it  is  good  for  others 
and  is  not  limited  to  worm  drives  as  Mr.  Lewis  suggests. 

When  once  the  apparatus  is  balanced  with  the  measurements  of 
the  lever  ratio  carefully  made,  the  only  thing  that  we  measure  is 
power  loss;  and  the  fact  that  an  absorbing  power  brake  is  used  has 
practically  nothing  to  do  with  the  accuracy,  for  no  calculations  of 
this  power  are  necessary  to  get  the  power  loss. 

Since  this  paper  was  written  we  have  made  a  large  number  of  tests 
of  worm  gears  as  well  as  spur  gears,  transmitting  as  high  as  50  hp., 
with  entirely  new  apparatus  but  of  the  same  design.  The  results  of 
these  tests  strengthen  every  claim  made  by  the  authors  in  the  paper. 

In  closing,  the  authors  wish  to  acknowledge  that  the  title  of  the 
paper  is  somewhat  misleading.  A  better  title  for  the  paper  would 
probably  have  been :  An  Accurate  Method  of  Testing  the  Elfficiency 
of  Gear  Drives. 
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Bt  Moboan  Bbooks,  Uhbana,  III. 
Member  of  the  Sodety 

Thii  paper  describes  erperimenU  uilh  f^ropdlen  pnmng  thicU  (he 
ikmjf<f  air  propuleian  does  noi  accord  vMihsf^^  Air  UimpeBod  by  a  propeller 
(A  a  fipeed  approaMng  twice  (he  screw  adioamoe  for  small  UadB  anfjies^  hemes  (he 
Uuarjf  nf  nfiedion  or  hatting  action  should  replaee  the  screw  theory,  2%iMf  if 
thowti  to  be  due  in  yrealer  degree  to  vdodty  and  less  to  Uads  disk  area  Uian  is  com" 
Moniy  supposed.  A  method  aj  predkHng  the  compUie  flying  performance  cf  a  pro' 
fdkr  from  a  siniife  static  test  of  an  accwraie  modd  is  indieaiod. 


nPHE  term  airacrewy  considered  by  many  writers  on  aeronautics 
as  descriptive  of  propeller  action,  is  a  misnomer.  The  theory 
of  the  marine  propeller^  which  seems  to  be  adequately  presented  by 
the  screw  principle,  has  been  transferred  to  air  propulsion  without 
sufficient  regard  for  the  extreme  difference  in  the  two  fluids  as  to 
elasticity.  Imagine  automobile  tires  filled  with  water.  In  view  of 
the  current  theory  that  air  is  driven  by  a  propeller  with  a  velocity 
never  exceeding  the  product  of  the  propeller's  pitch  and  its  revolu- 
tions, it  was  a  surprise  to  find  that  air  may  be  driven  backward  at  a 
velocity  nearly  twice  as  great  as  this  product  indicates.  The  fact 
was  so  revolutionary  as  to  cause  the  greatest  care  in  measurement 
before  its  acceptance.  Recognition  of  this  superspeed  action  of 
propellers  explains  many  anomalies  of  air  propulsion  and  will  im- 
doubtedly  lead  to  more  exact  formulse  for  thrust  and  power  calcu- 
lations. 

2  The  piupose  of  this  paper  is  to  give  proofs  of  the  facts  stated, 
and  to  point  out  some  of  the  applications  of  the  superspeed  theory 
as  it  relates  to  propellers  and  blowers. 

3  Superspeed  is  not  observed  readily  in  connection  with  the 
standard  type  of  two-bladed  propeller,  owing  to  the  masking  of  the 
effect  by  the  mingling  of  high-speed  air  with  a  much  larger  quantity 
of  inert  air  lying  between  the  propeller  blades.    The  measurements 
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were  made  upon  a  special  type  of  propeller  having  extremely  short 
blades  of  great  width,  sweeping  the  entire  360  deg.  of  the  disk  area, 
in  fact.  .  It  should  perhaps  be  stated  that  with  the  acceptance  of 
superspeed  the  definition  of  slip  as  "the  backward  velocity  of  the 
current  from  a.  propeller"  must  be  abandoned;  but  another  defini- 
tion of  slip,  ''the  shortage  of  velocity  of  translation  as  percentage 
of  propeller  screw  advance,"  may  survive  owing  to  its  convenience. 
4  A  propeller  of  the  wide-blade  type  described  having  an  ex- 
perimental mean  pitch  of  2.53  ft.,  gives  a  wind  on  static  test  that 
flows  3.33  ft.  per  revolution,  regardless  of  the  rotation  speed  of  the 
propeller.  These  values  were  determined  for  the  writer  by  Prof. 
E.  P.  Lesley  at  the  Leland  Stanford  Junior  University  wind  tunnel, 
confirming  his  own  measurements.    The  superspeed  ratio,  3.33/2.53, 


FiQ.  1    Diagram  Illustratinq  Test  Conditions  for  a  Widb-Bladb 
Propeller  Hating  a  Blade  Angle  (a)  of  36  Degbbes 

is  1.32,  and  these  figures  bear  so  direct  a  trigonometrical  relation  to 
the  blade  angle  as  to  suggest  that  air  instead  of  being  swept  back- 
ward by  screw  pressure  is  driven  back  by  precise  reflection  or  batting 
action. 

5  The  diagram.  Fig.  1,  illustrates  nearly  to  scale  the  test  condi- 
tions for  the  propeller  mentioned  above  having  a  blade  angle,  a,  of 
36  deg.  The  blade  element  indicated  at  0  is  moving  toward  the  left 
at  the  velocity  indicated  by  the  line  BO  =  2rm,  around  an  axis 
parallel  to  CE  far  below  the  plane  of  the  paper,  and  strikes  an  air 
particle  at  point  D.  The  relation  of  particle  to  blade  is  unchanged 
by  assuming  that  the  particle  D  moves  to  the  right  at  same  speed 
against  a  stationary  blade,  and  is  reflected  to  point  E  in  unit  time. 
Had  the  blade  not  been  in  the  way  the  particle  would  have  reached 
B,  hence  the  blade  has  deflected  the  particle  in  the  direction  BE^ 
represented  also  by  the  vector  Ovq  with  respect  to  the  plane.    Ov^ 
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is  perpendiculat'  to  the  instantaneous  position  of  the  blade  when 
strikiiig  the  particle.  Under  the  reflection  theory  assumed,  the 
ami  velocity  of  the  air  particle  is  the  projection  of  this  vector, 
that  is,  CE  =  uo  cos  a  =  2  irm  sin  2  a.  To  the  same  scale  BA  rep- 
resents pitch  multiphed  by  revolutions,  the  accepted  air  velocity 
by  the  screw  theory.  Since  BA  =  2  tm  tan  a,  the  ratio  of  superspeed 
velocity  to  screw-pitch  velocity  is  CE/BA  =  2  sin  a  cos  a/tan  a  = 
2cos^a.  For  the  36-deg.  angle  of  the  special  test  propeller  this 
ratio,  since  cos  36^  =  0.81,*is  1.31,  which  agrees  with  the  value  1.32 
experimentally  determined  by  pitot-tube  measurement  with  suffi- 
cient precision  to  warrant  acceptance  of  the  reflection  theory,  espe- 
cially when  similar  close  agreement  was  found  with  a  blade  of  28 
deg.  angle  and  by  other  confirmatory  tests. 


FiQ.  2    Diagram  Illustrating  Test  Conditions  for  a  Propellsb 
Operating  on  a  Flying  Plane  or  in  a  Wind  Tunnel 

6    To  illustrate  the  more  complex  condition  of  a  propeller  oper- 
ating on  a  flying  plane  or  in  a  wind  tunnel  with  corresponding  wind 
conditions,  Fig.  2  is  offered.    Here,  as  before,  the  blade  instead  of 
rotating  to  the  left  at  the  velocity  2  xm,  is  assiuned  stationary,  and 
the  air  particle  at  G  is  assumed  to  move  to  the  right  at  the  velocity 
2  T771,  combined  with  the  velocity  Voi  also  reversed,  representing  the 
plane's  translational  velocity,  or,  in  the  case  of  a  wind  timnel,  that 
of  the  impressed  wind.    In  unit  time  the  particle  moves  along  the 
diagonal  path  Z,  strikes  the  blade  at  0,  and  is  reflected  to  E.    The 
angle  of  incidence  and  of  reflection  is  a  —  jS.    But  for  the  blade  the 
particle  would  have  reached  B  in  the  same  time,  so  that  the  blade 
action  is  represented  by  BEj  while  under  the  screw  theory  the  motion 
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would  be  BA,  the  slip,  which  is  more  clearly  indicated  as  iS  at  the 
left  of  the  diagram.  The  axial  projection  of  BE  is  BE  cos  a,  not 
represented  in  the  diagram,  and  the  ratio  BE  cos  a/BA  »  2  cos*  a, 
the  same  ratio  as  found  for  static  test  conditions.  This  relation  is 
derived  as  follows: 

BE  ^  2FE  =  2Zsin(a-j8)  =  2Z(sinacos/S  -  cosasin/S) 

but 

Z  cos  /3  =  2  irm  =  np  cos  a/sin  a 

and 
hence 


Z  sin  a  =  Vo 


and 


BE  =  2  cos  a  {np  -  Fo) 
BE  cos  a  =  2  cos*  a  (np  —  Vq) 


7  Thus  either  for  static  or  flying  tests  an  air  propeller  produces 
a  velocity  or  a  change  in  velocity  which  has  a  superspeed  ratio  of 
2  cos*  a  as  compared  with  the  screw-advance  theory.  This  factor 
varies  from  nearly  2  for  low  pitch  angles  found  near  the  blade  tip 
to  1  for  a  45-deg.  angle,  the  steepest  blade  angle  for  effective  work 
in  propellers.  For  a  propeller  of  constant  pitch  equal  to  diameter, 
a  normal  design,  the  superspeed  ratio  is  1.8  for  the  blade  tip  and  1.4 
at  half  radius.  Since  the  activity  of  propellers  is  confined  mostly 
to  the  outer  half  of  the  blades,  normal  values  for  superspeed  would 
lie  usually  between  1.5  and  1.6. 

8  In  wind-tunnel  tests,  where  alone  velocities  of  the  air  can  be 
measured  satisfactorily,  the  propeller  activity  BE  is  combined  vec- 
torially  with  the  wind  velocity  Vq,  making  the  vector  DE,  represented 
also  by  Oo,  the  velocity  to  be  measiu^.  The  difference  between 
this  and  DA  '^  npia  not  very  marked  except  at  rather  heavy  slip  con- 
ditions. For  low  blade  angles,  however,  where  the  superspeed  ratio 
is  more  pronounced,  careful  speed  measurements  show  that  the  air 
leaves  the  propeller  at  higher  velocities  near  the  blade  tips  than  part 
way  in,  a  condition  inconsistent  with  the  screw  theory  for  standard- 
type  constant-pitch  propellers.  Eiffel's  ''Recherches"  presents  an 
elaborate  collection  of  data  showing  this  condition  to  exist,  for  which 
no  explanation  is  offered,  but  the  reflection  theory  explains  it. 

9  When  the  direction  of  the  air  flow  from  a  static  propeller  is 
investigated  by  means  of  Ught  ribbons,  they  show  that  the  air  moves 
in  a  direction  strictly  perpendicular  to  the  blade  ang^e,  the  oondition 
demanded  by  the  reflection  theory  but  not  by  screw  action.    More- 
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over  these  ribbons  indicate  th&t  the  stream  contracts  in  diameter 
sli^tly  as  it  leaves  the  propeller  with  its  rotating  whirl,  whereas 
with  the  squeezing  action  of  a  screw  it  would  be  expected  that  the 
air  would  be  expanding  rather  than  contracting.  Fig.  3  is  an  iso- 
metric drawing  to  show  this  rotating,  contracting  whirl. 

10  The  most  convincing  demonstration  of  the  velocity  of  air 
Ifftving  a  propeller  faster  than  the  propeller  screw  advance  is  found 
Id  a  test  made  wit^  two  propellers  connected  in  tandem,  illustrating 
a  wind-tunnel  test.  Calling  the  forward  propeller  a  blower,  for  dis- 
tinction, assume  that  it  provides  a  wind  at  30  miles  per  hour,  or 
41  ft.  per  sec.,  and  that  the  propeller  is  driven  in  this  wind  at  a  speed 


X.,.' 


ju3t  above  idling  speed,  such  that  its  revolutions  times  pitch  is, 
say,  48  ft.  per  sec.  An  anemometer  shows  a  velocity  of  about  50  ft. 
per  sec.  If  now  the  blower  be  shut  down,  while  the  speed  of  the 
propeller  is  maintained  constant,  the  wind  velocity  rises  to  75  ft. 
per  fee.  instead  of  remaining  constant  as  demanded  by  the  screw 
[heorj-. 

11  Accepting  superspeed,  then,  it  is  seen  that  since  the  air  is 
driven  backward  at  an  excess  rate,  the  thrust  due  to  this  unexpected 
acceleration  is,  by  the  Newtonian  laws  of  dynamics,  due  in  greater 
d^ree  to  speed  and  less  to  the  quantity  of  air  handled  than  is  com- 
monly supposed.  It  has  long  been  recognized  that  the  evaluation 
of  dj-namic  thrust  equations  requires  the  quesUonable^assumption 
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of  blade  activity  over  a  larger  portion  of  the  propeller  disk  than  that 
covered  by  the  blades  alone.  Indeed  some  authorities,  such  as 
Riach/  use  the  entire  disk  area  as  that-  actuated  by  the  propeller. 
Seventy-mile  flight  at  30  per  cent  shp  is  commonly  supposed  to 
mean  that  the  air  is  driven  backward  at  30  miles  per  hour,  while  its 
actual  speed  is  nearer  50  miles  per  hour.  This  means  that  the  col- 
unm  of  air  with  respect  to  the  plane  is  not  100  miles  but  about  120 
miles  per  hour  in  length.  No  wonder  it  is  difficult  to  get  satis- 
factory results  from  air-dynamics  formulse  now  in  use,  except  from 
well-developed  empirical  formula. 

12  The  proper  interpretation  of  superspeed  bids  fair  to  reconcile 
the  thrust  and  power  values  as  derived  from  the  static  tests  with 
those  of  wind  tunnels  or  of  flight,  whereas  it  seems  to  be  the  conunon 
opinion  today  that  flying  performance  cannot  be  predicted  from 
static  tests.  With  the  precise  air-dynamics  formulae  siu*e  to  come,  a 
single  static  test  of  a  propeller  should  furnish  all  necessary  data  for 
the  production  of  complete  flying-performance  curves. 

13  As  a  preliminary  empirical  approximation  the  foUowing 
formula  may  prove  useful:  T  =  To  —  To',  where  T  is  flying  thrust, 
To  the  static  thrust  at  propeller  speed  n,  and  T^  the  static  thrust  at 
propeller  speed  V/p,  where  Y  is  plane  velocity  and  p  propeller  pitch. 
That  is,  Tf!  is  taken  statically  at  what  is  idling  speed  in  the  wind. 
Since  all  static-thrust  values  are  proportional  to  the  square  of  the 
rotations,  a  single  static  thrust  at  any  speed  enables  both  To  and 
TJ  to  be  derived.  The  ph3rsical  meaning  of  this  seems  to  be  that 
the  wind-tunnel  blower  relieves  the  propeller  of  that  portion  of  To 
represented  by  idling  speed,  even  though  the  propeller,  giving  super- 
speed,  sends  air  backward  when  tested  statically  at  speed  F/p,  faster 
than  velocity  V.  Under  this  formula  the  flying  thrust  at  30  per 
cent  slip  is  found  to  be  51  per  cent  of  the  static  thrust  at  speed  n. 

14  Correct  air-dynamics  formula  will  not  produce  the  changes 
in  propeUer  design  that  might  be  anticipated,  since  propeller  en- 
gineering is  nearly  always  based  on  experience.  The  propeller,  or 
air  bat,  is  extraordinarily  efficient  today.  However,  it  is  hoped  that 
this  paper  may  lead  to  a  clearer  conception  of  the  underlying  physi- 
cal principles  of  air  propulsion. 

&  Efficiency  Variation  in  Airscrews^  AvialAon^  April  1,  1918. 


DISCUSSION  123 


DISCUSSION 

N.  W.  Akimoff  (written).  The  theory  proposed  m  the  paper 
apparently  contemplates  an  infinite  space  of  30  in.  vacuum,  in 
which  floats  one  particle  of  air — how  large  is  so  far  unknown.  The 
propeller  blade  runs  into  it  and,  in  turn,  experiences  a  slight  reaction, 
although  the  particle  feels  it  much  more  than  the  blade  itself. 
Splendid!  but  what  becomes  of  the  hydrodynamics  of  this  delicate 
problem?  All  propeller  theories  based  on  the  supposition  that  the 
air  is  a  material  aggregation  of  separate  particles,  are  absolutely 
worthless:  the  screws  built  according  to  such  theories  are  as  likely  to 
give  84  per  cent  as  48  per  cent,  because  the  very  f oimdation  is  shaky. 

The  least  unsatisfactory  theory  of  propellers  is  that  which  takes 
into  consideration  the  vortex  theory  of  sustentation.  Lanchester 
claims  priority  in  the  idea,  although  many  other  scientists  of  not 
quite  so  great  repute  also  claim  to  have  discovered  it  first.  (See 
A  Review  of  Hydrodynamical  Theory,  etc.,  by  J.  S.  Hunsaker,  In- 
ternational Elngineering  Congress^  San  Francisco,  September  1915.) 

He  who  looks  into  the  vortex  theory  of  sustentation  will  at 
once  abandon  theories  about  air  particles  as  related  to  pitch  or 
slip.  Here  the  lift  is  made  dependent  upon  a  certain  section  con- 
stant, called  ''circulation",  and  is  equal  to  density  times  circulation 
times  velocity  ad  infinitum,  • 

The  propeller  blade  can  also  be  considered  as  a  set  of  regular 
wing  sections,  for  which  the  circulation  is  either  known  or  can  be 
calculated.     This  has  been  done  with  satisfactory  results. 

Fig.  3  of  the  paper  looks  unusual  and  it  has  very  likely  been 
drawn  by  inference  and  not  as  a  result  of  calculations. 

The  subject  of  static  tests  as  a  basis  for  judging  what  the 
d^-namic  pull  will  be,  is  one  of  extreme  difficulty,  and  here  again 
the  vortex  theory  is  the  only  hope 

For  the  estimation  of  what  the  static  pull  will  be  within,  say, 
15  per  cent  or  so,  the  writer  has  recently  proposed  the  following 
crude  formula:  Static  pull  in  lb.  =  n*IH/2750.  (Aviation,  1917.) 
This  appears  to  serve  the  purpose,  but  only  within  the  prescribed 
limits. 

Charles   W.   Howell^    (written).     Recognition   must  be  ac- 
corded the  superspeed  or  acceleration  theory  so  ably  set  forth  in 
the  paper,  if  it  is  desired  to  clear  away  the  misconception  existing  as 
^  Vice-President,  Aeronautical  Society  of  America,  New  York,  N.  Y. 
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to  the  result  of  the  application  of  power  to  a  rotating  element  having 
angularly  disposed  surfaces  to  produce  useful  work  in  such  a  light 
and  elastic  medium  as  air,  and  if  it  is  also  desired  to  reduce  the 
proposition  to  an  exact  status  so  that  better  working  formulae  may 
be  had. 

Superspeed,  as  Professor  Brooks  states,  is  not  readily  observed  in 
a  static  test  of  a  two-blade  propeller,  but  conversely  may  be  directly 
observed  in  translational  or  flying  tests  of  conventional  airplanes, 
which  have  frequently  been  observed  to  fly  a  greater  distance  in 
unit  time  than  the  revolutions-times-pitch  design  of  their  propellers 
should  fly  them.  Were  this  phenomenon  confined  to  airplanes  flying 
with  the  wind,  we  might  assume,  with  reason,  that  it  was  merely  the 
product  of  revolutions  and  pitch  minus  slip,  plus  the  velocity  of  the 
wind,  V  ut  as  the  phenomenon  may  be  observed  to  occur  in  substan- 
tially inert  air  and  to  a  lesser  degree  in  flying  against  moderate  wind, 
it  can  only  be  explained  in  terms  of  velocity  and  impact  —  i.e., 
superspeed. 

The  air  structure  shown  in  Fig.  3  is  quite  characteristic  of  those 
produced  under  static  tests  by  propellers  of  screw-pitch  design. 
It  has  been  observed,  however,  to  vary  radically  under  flying  condi- 
tions, a  beautifully  clear  example  being  shown  by  a  screw-pitch 
propeller  driven  by  a  Gnome  motor.  This  is  a  rotating-cylinder 
motor  lubricated  by  castor  oil,  which  frequently  causes  black  smoke 
to  t>e  emitted  from  the  exhaust  ports.  This  smoke  does  not  take  the 
form  of  a  rotating,  contracting  swirl,  but  forms  into  two  ribbons  or 
pennants  which  do  not  rotate  but  appear  to  change  position  with  va- 
riation of  motor  speed. 

It  has  also  been  noted  that  propellers  differing  from  the  conven- 
tional screw-pitch  design  will  set  up  various  forms  of  air  structures. 
One  has  been  observed  to  create  a  column  substantially  parallel  and 
with  small  tendency  to  rotate.  This  would  appear  to  approach  the 
ideal  condition,  as  it  indicates  a  reduction  of  interference  losses;  that 
is,  maximum  acceleration  or  superspeed  has  occurred. 

Experimental  research  with  small  model  propellers  appears  to 
indicate  that  the  air  structure  formed  is  influenced  largely  by  the 
design  of  the  rear  or  leaving  edge  of  the  propeller  blade  and  may 
have  a  strong  bearing  on  its  efficiency,  because  the  smaller  the 
interference  with  or  the  mixing  of  the  superspeeded  air  particles, 
the  more  nearly  parallel  will  be  the  lines  of  force  and  the  greater 
the  efficiency. 

May  I  venture  to  suggest  the  term  ''acceleration"  as  more  indie- 
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ative  of  the  physical  result,  and  to  express  the  opinion  that  the 
problem  can  be  reduced  to  a  precise  condition  and  understanding 
by  throwing  out  all  considerations  of  screw  and  pitch  and  consider- 
ing velocities  and  impact  only? 

G.  Db  Bothezat  (written).^  The  following  may  serve  as  a 
basis  for  a  discussion  of  the  flow  of  a  fluid  along  a  section  of  a  pro- 
peller blade.  Let  it  be  assumed  that  we  know  exactly  the  direction 
along  which  the  flowing  fluid  reaches  a  section  of  tlje  blade  (this 
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Fig.  4 


Fig.  5 

theory  determines  exactly  this  direction).  The  following  phe- 
nomena have  then  to  be  considered:  If  the  flow  reaches  the  blade 
section  with  a  velocity  TFi,  it  leaves  it  with  a  velocity  W2  (Fig.  4) 
which  differs  from  TFi  in  magnitude  (slightly)  and  in  direction. 
At  the  points  of  contact  of  the  fluid  with  the  blade  section  sev- 
eral quite  complex  phenomena  of  shocks  and  eddy  formations  mani- 
fest themselves.  If  the  angle  at  which  Wi  strikes  the  section  of 
the  blade  is  suflSciently  small,  then  in  the  first  approximation,  and 
using  the  terminology  adopted  in  the  paper,  Wi  is  reflected  on,  to 
the  plane  pp  (Fig.  5)  normal  to  the  resultant  of  pressure  R  exerted  by 

^  D.Sc,  University  of  Paris.     Scientific  Expert,  National  Advisory  Committee 
for  Aeronautics,  Washington,  D.  C. 


126 


AlB  PBOPULBION 


the  flowing  fluid  on  the  eection  of  the  blade  under  considemtion. 
As  a  rule,  this  plane  pp  is  not  paraUel  to  the  chord  cc  of  the  section, 
but  for  small  angles  of  attack  (but  not  extremely  small)  the  angle 
between  cc  and  pp  is  not  large.  This  applies  only  to  small  an^ea 
of  incidence  between  Wi  and  the  section  under  consderation,  and 
is  correct  only  in  the  first  approximation,  though  sufficiently  correct 
for  practical  purposes.' 


^^ 


Fia.  7 

I  have  arrived  at  this  conclusion  from  a  study  of  tbe  phenomena 
of  flow,  and  this  is  only  an  attempt  to  indicate  more  precisdy  the 
direction  of  the  plane  of  reflection  experimentally  discovered  by 
Professor  Brooks.  But  there  is  more  to  it.  As  the  inddence  of  Wi 
with  respect  to  the  section  increases,  then,  from  a  certain  moment 
on,  the  flow  of  the  fluid  in  the  rear  of  the  section  ceases  to  be  perma- 
nent, and  eddies  are  formed  to  the  rear  of  the  section  (Fig.  6).  This 
fact  is  b^ond  all  doubt  and  is  confirmed  by  numerous  eoEperi- 
mental  investigations,  as,  for  example,  those  carried  out  at  Ted- 
>  A  detailed  discussioii  of  this  queation  will  be  (ound  in  my  pkper  ontitled 
Introduction  to  the  Study  of  Laws  of  Air  Reaist&noe  of  Aenrfoils,  pubtiahed  hj 
the  National  Advisory  Cominittw  for  Aeronautios. 
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dington.  In  such  a  case  it  is  more  difficult  to  speak  of  the  direction 
of  the  reflected  air  current,  and  it  becomes  necessary  to  introduce 
the  conception  of  a  current  equivalent  to  the  complex  system  of 
flow.  It  can  easily  be  seen  how  really  complex  is  this  problem,  but 
the  method  which  I  use  in  my  propeller  theory  enables  me  to  take 
into  account  all  the  phases  of  the  phenomena  of  flow  without  having 
to  resort  to  any  simplifying  assumptions.  Special  attention  has 
also  to  be  paid  to  the  following  facts. 

Let  us  consider  a  section  of  the  blade  which  the  air  current 
strikes  successively  in  the  directions  TTi,  W%,  Wi  and  TFo  (Fig.  7). 
The  first  resultants  of  the  fluid  pressure  will  be  respectively  Ki,  Rt, 
R%  and  i2o,  which  means  that  as  the  incidence  of  W  with  respect  to 
the  section  of  the  blade  decreases,  the  resistance  of  R  comes,  so 
to  speak,  to  he  in  the  section;  and  finally  a  moment  arrives  when 


Fia.  8 

^  and  R  have  the  same  direction.  At  that  moment  R  has  no 
component  in  a  direction  normal  to  TF.  I  call  "  zero  plane  "  (zero  line 
on  the  section)  the  plane  containing  iZ©  and  TFo  when  the  component 
of  R  normal  to  TF  is  zero.  This  zero  line  is  located  as  indicated  in 
the  figure  for  nearly  all  sections  of  a  propeller  blade,  and  the  angle 
which  the  zero  line  makes  with  chord  cc  (Fig.  8)  depends  on  the 
profile  of  the  section  and  may  reach  values  in  excess  of  10  deg. 
For  the  majority  of  sections  which  I  have  examined  this  angle  is 
comprised  between  3  deg.  and  12  deg. 

When  it  is  desired  to  compare  a  section  of  the  blade  to  a  thin 
ideal  plane  (geometric),  it  is  of  the  utmost  importance  that  the 
start  should  be  made  from  zero  line  and  that  all  the  characteristics  of 
the  section  should  be  referred  to  it.  Thus,  the  incidence  or  angles 
of  attack  should  be  measured  only  from  this  zero  plane.  Likewise 
the  pitch  of  the  sections  should  be  measured  from  zero  line  and  not 
from  the  chord. 
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Nearly  all  of  the  misunderstandings  concerning  propellers  are 
due  to  this  fact.  In  Fig.  9,  r  is  the  distance  from  the  axis  of  the 
propeller  of  the  section  under  consideration,  H  is  the  pitch  meas- 
ured from  the  zero  line,  and  W  the  velocity  of  the  flow  of  fluid  as  it 
reaches  the  section  under  consideration.  I  call  the  pitch  H  when 
measured  in  the  way  indicated  above  the  ''effective  pitch/'  as 
opposed  to  the  geometric  or  constructive  pitch  measured  from  the 
chord.  Only  the  effective  pitch  can  be  considered  as  the  geometric 
and  real  characteristic  of  the  propeller,  and  I  fully  agree  with  the 
author  that  the  only  possible  definition  for  slip  is 

H  NH 

where  V  =  velocity  of  translation,  N  =  number  of  revolutions,  and 
H  =  effective  pitch. 


8  = 
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It    V€locifLf  of  Rotation 


Fig.  9 


It  is  the  effective  pitch  which  should  be  taken  in  measurements. 
It  is  always  greater  than  the  constructive  pitch,  and  for  this  reason 
if  for  H  in  the  above  formula  were  taken  the  values  of  the  construc- 
tive pitch,  it  might  happen  that  negative  values  would  be  obtained 
for  the  propeller  slip  s,  which  is  contrary  to  reason.  The  effective 
pitch,  on  the  other  hand,  always  gives  positive  values  for  s  and  the 
consideration  of  the  effective  pitch  //  is  all  that  is  necessary  in 
order  that  the  difficulties  in  the  way  of  understanding  the  exact 
results  of  the  experiments  of  2  Professor  Bixx)ks  should  disappear 
completely. 

Let  us  consider  the  fluid  stream  generated  by  the  rotation  of  a 
propeller;  in  t)articular,^the  case  of  a  propeller  rotating  on  a  sta- 
tionary base  (the  following  reasoning  is,  however,  perfectly  general). 
I  designate  by  Sz  (Fig.  10)  the  furthermost  ^section  to  the  rear  of 
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the  propeller  and  by  2  vo  the  velocity  at  one  point  of  that  section. 
2  Po  is  the  velocity  of  the  fluid  parallel  to  the  axis  of  rotation  at  the 
given  point  and  2  /'wo  is  the  tangential  component  of  this  velocity. 
The  real  movement  of  the  fluid  is  obviously  helicoidal. 

I  show  elsewhere  that  the  section  S  in  which  the  velocities  of 
the  fluid  are  vo*  and  rw©*,  that  is,  exactly  one-half  of  the  velocities  at 
the  section  Sj,  must  be  located  necessarily  in  the  front  part  of  the 
propeller  and  at  a  certain  distance  from  it.  The  propeller  is  there- 
fore necessarily  comprised  between  the  sections  S  and  Si.  The 
section  Si  is  that  at  which  the  eddy  phenomena  created  by  the  pro- 
peller have  already  ceased  to  exist  and  the  flow  of  air  has  become 
regular  once  more.    The  flow  ahead  of  S  is  also  regular,  and  my 


Fig.  10 

theory  gives  the  exact  values  of  the  velocities  Vq  and  rwo  (or  2  ro 
and2r"a)o). 

The  following  are  the  values  above  referred  to: 

Vo  =  ri2opo  tan  (v?  +  fio) 
coo  =  2 12opo  tan^  {<p  +  j3o) 
These  formulae  will  show,  in  the  first  place,  in  accordance  with 
the  experiments  of  Professor  Brooks,  that  the  ratios  vq/Qo  and  wo/fio 

are  independent  of  the  number  of  revolutions  N  =  ^- .     In  these 


formulae 


Po  = 


iAM{2voy       vqAQo 


12oACc 


12oACo 
tan  ((p  —  io) 


tan  (^  +  /3o)  [1  +  2  tan  (^  —  io)  tan  (^  +  po)  ] 
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and  with  lo  secured  from  the  rstio, 

nb        2  sin'  (y  —  tp) 
'^  ""  2  irr  ^  fci  cos  (v=  +  ft,) 

These  formuke  contain  by  implication  the  fact  that  the  velocity 
at  a  certain  point  in  the  fiuid  depends  only  upon  the  characteristics 
of  the  section  of  the  propeller  blade  swept  over  by  the  fluid  stream 
passing  at  that  point,  which  is  true  as  long  as  the  radial  velocities  are 
negligible. 

In  these  formuUe  AQg  and  ACi,  are  the  thrust  and  partial  couple 
which  correspond  to  the  section  of  the  blade  under  consideration 


Fio.  11 

and  AJlf  is  the  fiuid  mass  which  in  a  unit  of  time  passes  across  the 
annular  space  swept  over  by  the  section  under  consideration. 

ki  and  0d  are  the  aerodynamic  characteristics  of  the  section 
under  consideration  (Fig.  11) 

ip  =  the  angle  of  inclination  of  the  zero  line  of  the  section  under 
consideration  on  the  plane  of  rotation 

I'o  ■■  angle  of  attack 

R  =  the  number  of  blades 

6  =  the  width  of  the  blades 

nb  =  the  total  width. 

These  formulae  for  v^  and  iod  show  again  that  the  fluid  stream 
generated  by  the  rotation  of  a  fixed-base  propeller  is  geometrically 
similar  to  itself,  independently  of  the  velocity  of  rotation  of  the 
propeller,  and  that  the  angles  of  attack  it  are  independent  of  the 
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value  of  Qq.  The  values  of  the  angles  lo  depend  only  on  the  shape 
of  the  blade  and  its  pitch. 

I  have  already  by  experiments  confirmed  the  values  of  vq  and 
(di»  given  by  my  theory. 

Some  propeller  investigators  have  developed  the  following  reason- 
ing: If  J?  is  the  pitch  of  a  blade  section,  then  the  path  traveled 
by  that  blade  section  in  a  unit  of  time  when  working  as  a  soUd 
screw  will  be  NH,  From  this  it  is  deduced  that  the  air  velocity 
behind  a  propeller  working  at  a  fixed  point  cannot  be  greater 
than  NH.  Now  Professor  Brooks  has  found  experimentally  that 
the  air  velocity  behind  propellers  tested  by  him  had  a  value  very 
close  to  2  NH.  Thus  with  my  notations  2  vo  ^  2  NH,  or  Vq  ^  NH. 
If  we  now  remember  that  Vo  is  the  velocity  in  front  of  the  propeller 
we  do  not  find  anything  astonishing  in  the  experiments  of  Pro- 
fessor Brooks.  Because  when  the  angle  of  attack  io  is  small,  vo  has 
a  value  close  to  NH.  Thus  the  experiments  of  Professor  Brooks 
are  perfectly  correct  and  bring  out  clearly  one  of  the  most  interest- 
ing properties  of  the  flow  around  the  propeller.  The  assumption 
that  we  must  necessarily  have  2  r©  <  NH  is  simply  a  misunder- 
standing. 

The  physical  reason  for  the  increase  of  air  speed  behind  the 
propeller  is  as  follows:  When  the  air  crosses  the  propeller  the  action 
of  the  blades  on  the  air  is  translated  by  an  increase  of  pressure 
behind  the  propeller;  now,  as  this  pressure  has  to  drop  to  the  at- 
mospheric pressure,  the  air  velocity  must  increase;  and  this  is  why 
behind  the  propeller  we  always  have  the  shrinking  of  the  slip  stream.^ 
Only  in  the  case  of  no  shrinking  of  the  slip  stream  could  we  ascertain 
that  necessarily  the  air  velocity  behind  the  propeller  ought  to  be 
smaller  than  NH.  With  regard  to  the  air  mass  that  passes  in  a 
unit  of  time  through  the  plane  swept  by  the  propeller  blades,  it  is 

e\idently  smaller  than  5  —r-  NH,  where  5  is  the  air-mass  density 

and  D  the  propeller  diameter,  assuming  a  propeller  with  constant 
pitch.  But  as  a  result  of  the  slip  stream  shrinking  the  velocity 
behind  the  propeller  is  increased  and  thus  is  generally  greater 
than  NH,  and  there  is  nothing  paradoxical  in  this  fact  as  above 
explained. 

S.  W.  Stratton  (written).     The  type  of  propeller  employed  by 
Professor  Brooks  in  his  experimental  work  differs  so  widely  from  the 

^  See  footnote  on  page  126. 
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types  in  actual  use  that  the  extent  to  which  the  air-bat  concept  can 
be  applied  to  propeller  design  cannot  be  foreseen.  The  new  view- 
point is  stimulating  and  suggestive,  and  especially  welcome  in  con- 
nection with  airplane  propellers,  where  it  is  difficult  to  visualize  what 
is  actually  taking  place. 

L.  R.  GuLLEY  (written).  It  was  the  writer's  good  fortune  to 
observe  a  few  of  the  tests  made  by  the  author,  the  results  of  which 
form  the  basis  of  this  paper.  On  first  examination,  the  most  evident 
proof  of  the  superspeed  effect  was  the  result  obtained  from  the  air 
helix  or  propeller  arranged  with  short  blades  of  such  width  that  the 
entire  circumference  of  the  propeller  was  covered. 

This  arrangement  prevents  inert  air  from  passing  through  the 
propeller,  and  would  normally  be  an  ideal  condition  for  screw  action 
as  applied  to  hydrauUc  propellers.  Anemometer  tests,  however, 
proved  that  the  air  was  driven  from  the  propeller  in  a  reducing  stream 
at  a  velocity  in  excess  of  the  calculated  amount  derived  from  blade 
pitch  and  rotational  speed,  while  the  approaching  air  was  drawn  in 
radially  toward  the  propeller. 

The  results  clearly  indicate  the  reflecting  action  of  air,  due  no 
doubt  to  its  volumetric  elasticity,  and  it  would  seem  that  further 
research  should  develop  data  of  value  not  only  in  the  design  of  pro- 
pellers, but  also  in  improving  wing  action  and  possibly  reducing  head 
resistance  of  the  stationary  parts  of  the  airplane. 

J.  C.  HuNSAKER^  (written).  The  author's  statement  in  his  in- 
troductory paragraph  that  'Hhe  accepted  theory  of  air  propulsion 
does  not  accord  with  the  facts,"  is  not  substantiated  in  the  paper. 

The  aerofoil  theory  as  set  forth  by  Lanchester  and  Drzewiecld, 
and  now  conmionly  used  for  the  design  of  propellers,  requires  no  as- 
sumption as  to  how  an  aerofoil  element  obtains  its  thrust,  but  bases 
the  evaluation  of  this  thrust  on  actual  aerodynamic  tests.  The 
author  makes  an  issue  of  the  fact  that  calculated  and  actual  pro- 
peller performances  do  not  agree.  This  may  well  be  accounted  for 
by  the  necessary  approximations  made  in  design  regarding  indraft 
and  a  lack  of  definite  knowledge  of  the  action  of  the  air  at  propeller 
tips  and  hub. 

Professor  Brooks'  reflection  theory,  while  it  need  not  conflict 
with  the  aerofoil  theory,  is  open  to  criticism.    The  assumption  is 

^  Naval  Ck>xi8truotor,  U.  S.  N.,  Bureau  of  Construction  and  Repairs,  Wadi- 
ington,  D.  C. 
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made  that  particles  of  air  act  as  independent  bodies  and  not  as  parts 
of  viscous  fluid,  and  that  they  rebound  from  the  propeller  blade 
without  interfering  with  the  surrounding  air.  Photographic  in- 
vestigation  of  the  flow  of  air  around  models  does  not  show  that  any 
rebounding  action  affects  materially  the  shape  of  the  stream  lines. 
Moreover,  a  rebounding  action  from  the  surface  of  an  aerofoil  is  not 
in  accordance  with  Dr.  Prandtl's  elaborate  experiments  demonstrat- 
ing the  existence  of  "bounding  layers,"  nor  does  it  harmonize  with 
the  "vortex  theory  of  sustentation, "  which  has  been  verified  photo- 
graphically. 

In  Par.  1  it  is  said  that  the  theory  of  marine  propulsion  has  been 
transferred  to  air  propulsion  without  sufficient  i^ard  for  the  extreme 
difference  in  the  two  fluids  as  to  elasticity.  As  previously  stated, 
the  design  of  a  propeller  is  based  on  aerodynamic  tests  of  the  particu- 
lar blade  sections  employed.  Any  effect  that  elasticity  of  air  may 
have  on  air-propeller  performance  is  accordingly  taken  care  of  in  the 
choice  of  the  proper  blade  section.  There  is  extensive  experimental 
proof  that  within  certain  limitations  the  same  dynamic  laws  hold 
for  water  and  for  air.  Perhaps  the  most  striking  example  is  afforded 
by  a  comparison  of  photographs  of  flow  of  air  and  water  by  models 
(Eden  British  Report  No.  49).  (In  my  paper  given  before  the  Inter- 
national Engineering  Congress,  1915,  I  showed  that  the  compressi- 
bility of  air  is  mainly  of  theoretical  interest.)  A  comparison  of  pro- 
peller tests  made  at  the  Navy  Yard,  Washington,  with  tests  made  by 
Dr.  W.  F.  Durand,  shows  that  there  exists  a  close  agreement  between 
propellers  tested  in  water  and  those  tested  in  air  and  that  it  may  be 
sufficient  in  particular  cases  to  apply  a  correction  only  for  the  ratio 
of  densities,  as  the  compressibility  of  air  is  not  a  serious  factor.  The 
iniportant  effect  of  viscosity  was  not  considered  in  the  paper. 

Regarding  the  conclusions  drawn  by  Professor  Brooks  for  static 
propeller  tests,  it  may  be  said  that  no  account  was  taken  in  his 
demonstration  of  "superspeed"  for  the  acceleration  of  the  air  before 
coming  in  contact  with  the  propeller  blade.  In  consideration  of  tests 
made  at  the  National  Physical  Laboratory  and  by  Eiffel,  his  theory 
does  not  seem  to  warrant  the  neglect  of  ''indraft." 

A  prediction  of  full-flight  performance  from  a  single  static  test  as 
suggested  does  not  take  into  account  the  critical  changes  which  occur 
in  the  thrust  of  a  propeller,  as  the  angle  of  attack  of  the  blade  varies 
due  to  a  change  in  the  velocity  of  translation.  It  is  not  clear  how  a 
static  test  can  foretell  flying  performance  unless  the  aerod>Tiainic 
properties  of  the  particular  blade  are  known. 
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M.  B.  Sellers^  (written).  When  a  propeller  is  constructed 
having  zero  pitch,  that  is,  the  face  or  driving  side  exactly  parallel  to 
the  plane  of  rotation,  and  having  the  usual  cambered  back,  it  is  found 
that  this  propeller  exerts  some  thrust  and  delivers  a  considerable  blast 
of  air.  Of  course  there  can  be  here  no  batting  action,  and  yet  we 
have  a  blast,  due,  in  my  opinion,  to  the  fact  that  the  rarefaction  at 
the  trailing  edge  on  the  back  of  the  blade  initiates  an  air  stream.  If 
now  we  try  a  similar  propeller,  but  with  an  appreciable  pitch,  we  find 
that  the  air  stream  produced  is  approximately  the  sum  of  that  due 
to  the  cambered  back  plus  that  due  to  the  pitch.  On  the  other 
hand,  if  we  employ  a  propeller  having  a  blade  flat  back  and  front, 
the  velocity  of  the  air  stream,  correctly  measured,  will  about  equal 
the  geometric-pitch  speed.  It  would  seem  to  me,  therefore,  that  the 
increased  velocity  of  the  air  stream  observed  is  not  due  to  batting 
action,  but  to  the  effect  of  the  rounded  back  of  the  blade. 

J.  G.  Vincent^  (written).  I  have  submitted  this  paper  to  our 
propeller  expert,  F.  W.  Caldwell,  and  have  asked  him  to  give  me  a 
brief  report,  which  he  has  done  as  follows : 

**We  have  had  some  correspondence  with  Professor  Brooks  in 
regard  to  his  theory  of  propeller  design.  He  seems  to  be  working 
under  the  impression  that  we  wish  to  produce  a  noiseless  propeller 
regardless  of  its  eflSciency. 

**The  first  model  propeller  submitted  by  Professor  Brooks  to  the 
National  Advisory  Committee  of  Aeronautics  showed  an  efficiency 
of  only  38  per  cent  in  contrast  with  a  model  of  Professor  Olmstead's 
which  showed  an  efficiency  of  89J  per  cent. 

'^Professor  Brooks'  paper  is  interesting  from  a  theoretical  stand- 
point, except  that  he  seems  to  have  drawn  the  wrong  conclusion  from 
his  investigations.  He  seems  to  be  under  the  impression  that  pro- 
pellers with  small  diameters  will  produce  good  results,  whereas  all 
experience  and  all  the  usual  propeller  theories  show  that  under  most 
flying  conditions  the  greater  the  diameter  of  the  propeller,  the  better 
the  efficiency  obtained." 

Walter  C.  Durfee  (written).  The  most  interesting  explana- 
tion of  superspeed  as  noted  by  Professor  Brooks  is  in  terms  of  the 
contraction  of  the  jet  or  blast  shown  in  Fig.  3.  It  seems  certain  that 
the  velocity  of  flow  actually  among  the  propeller  blades  cannot  be 

^  Member  Naval  Consulting  Board  of  the  United  States,  Bsltimore,  Md. 
'  Lieut-Col.,  U.  S.  A.,  Chief  Engineer,  Airplane  Engineering  Dept.,  Signal 
Corps. 
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grea»t>  enough  to  drive  the  propeller  any  faster  than  it  is  being  driven 
by  t^Iie  motor,  unless  the  apparatus  is  acting  as  a  windmill  and  the 
drivrLng  mechanism.acting  as  a  brake.  The  observed  superspeed  then 
is  aoc[uired  immediately  after  passing  the  blades  or  may  even  exist 
to  SLTX  extent  at  the  blades,  but  in  oblique  directions.  The  contrac- 
tion of  the  blast  shown  in  Fig.  3  corresponds  to  a  doubling  of  the 
fomrajd  speed  of  the  propeller  blast  almost  immediately  after  leaving 
the  p>Topeller. 

Aji  interesting  explanation  of  this  contraction  and  acceleration  of 
the  j  et  speed  may  be  had  without  detriment  to  explanation  in  other 
teriEks  by  trying  to  study  the  action  of  the  jet  upon  itself.  The  blast 
of  a  p^ropeller  of  low  pitch  or  of  many  blades  is  approximately  a  con- 
tinuo^is  jet  or  stream  of  variable  cross-section.  To  describe  it  we  may 
use  t^he  language  of  vortex  motion.  It  is  the  same  jet  in  any  language. 
At  itiis  center  this  jet  contains  a  compUcated  system  of  vortex  motion 
corr^aaponding  to  the  internal  rotation  of  the  jet  and  the  comparative 
lack   of  motion  along  the  central  axis. 

Tte  outside  surface  or  sheath  of  the  propeller  blast  is  the  seat  of  a 
8ecoia.ci  vortex  system  which  is  mainly  responsible  for  the  velocity  of 
the  blast  and  for  the  annulment  of  rotation  and  velocity  in  external 
regioris.    This  outer  system,  which  mainly  determines  the  velocity 
of  the  jet,  coils  like  a  helix  around  the  blast,  with  its  origin  at 
the  propeller  tips,  much  like  the  two  serpents  which  coil  about  the 
^'cadviceus"  or  winged  wand  of  Hermes,  their  two  heads  beneath  the 
wings.    Imagine  these  two  serpents  or  snakes  to  grow  interminably, 
continually  fed  from  the  propeller  blades  and  their  bodies  rolling 
along  as  vortices  between  the  jet  and  the  outer  air.     Imagine,  too, 
that  every  particle  of  moving  air  is  the  servant  of  these  serpents  and 
that  the  serpents  themselves  writhe  with  a  motion  exactly  determined 
by  the  influence  of  all  the  neighboring  coils.     The  result  is  a  simple 
example  in  turbulent  motion.    The  exact  calculation  of  the  motion  of 
the  serpents  or  vortices  is  not  without  importance  if  it  can  be  accom- 
plished. The  thrust  of  the  propeller,  for  example,  depends  on  its  angle 
of  attack  against  the  relative  wind,  and  this  relative  wind  is  the  abject 
slave  of  the  serpents  or  vortices  which  feed  on  the  propeller. 

For  the  purpose  of  studying  the  reason  for  the  contraction  of  the 
jet  as  mentioned  by  the  author  we  may  imagine  that  the  jet  is  momen- 
tarily made  straight  and  uniform  like  a  pipe,  i.e.,  uniform  vortex  coils 
from  end  to  end.  Under  these  conditions  there  is  a  collapsing 
motion  at  the  entrance  or  beginning  of  the  jet  because  the  motion  of 
the  air  here  is  due  to  the  vortices  immediately  in  front  which  roll 
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inward  as  viewed  from  the  propeller.  The  velocity  also  in  the  sup- 
posed straight-walled  blast  may  be  studied.  A  forward  component  is 
provided  by  all  the  vortex  coils.  Within  the  tube  the  influence  of  these 
is  felt  both  in  the  front  and  in  the  rear  of  any  point,  so  the  velocity  is 
greater  inside  than  at  the  entrance  to  the  tube,  where  the  influence 
is  only  in  front.  On  the  whole,  the  action  of  the  jet  upon  itself  is  in 
favor  of  a  contraction  near  the  origin,  and  in  favor  of  somewhat  slower 
motion  at  the  entrance  than  at  a  point  a  little  within  the  jet. 

If  we  could  persuade  a  professional  mathematician  to  "bell  the 
cat"  for  us  it  would  indeed  be  a  splendid  achievement  to  become  able 
to  calculate  superspeed,  as  Professor  Brooks  has  suggested  will  some 
day  happen.  Until  we  can  get  the  exact  formulae  which  he  foresees, 
I  think  we  should  congratulate  him  very  heartily  on  providing  us 
with  useful  data  on  the  subject  of  superspeed. 


Mr.  Durfee  prefaced  the  presentation  of  his  written  discussion 
by  saying  that  he  wanted  to  defend  the  author's  ideas  as  much  as 
possible,  and  to  do  this  the  simplest  way  was  to  explain  practically  all 
the  various  theories  of  the  action  of  the  air  going  around  a  blade  of  a 
propeller,  or  around  the  wing  of  an  airplane,  which  was  much  the  same 
kind  of  action. 

The  screw  theory  assumed  that  air  is  very  nearly  solid,  on  account 
of  its  inertia.  The  propeller  was  assumed  to  screw  through  it.  Next 
the  additional  assumption  was  made  that  the  air  is  not  solid,  that  it 
has  some  slip.    The  amount  of  this  slip  we  knew  from  experience. 

The  bat  theory  as  outlined  by  the  author  took  account  of  the 
motion  of  the  air  after  it  left  the  blade.  Mr.  Durfee  thought  the 
origin  of  the  criticism  of  this  theory  was  the  feeling  that  if  air  consisted 
of  a  great  number  of  particles,  they  could  not  all  come  down  to  the 
surface  and  bounce  back  again  through  the  same  space.  They  wouldT 
interfere  with  each  other.  There  could  not  be  two  directions  of  flow 
in  the  same  place.  However,  he  thought  that  this  did  not  prevent 
the  propeller  from  being  considered  as  a  bat  in  some  other  respects. 
For  example,  the  reacting  forces  might  be  substantially  perpendicular 
to  the  blade  surface,  as  emphasized  by  the  author.  Moreover,  he 
thought  that  the  author  had  performed  a  useful  service  in  saying 
that  certain  kinds  of  propellers,  or  fans,  actually  gave  the  super- 
speeds  which  the  author  had  measured,  and  in  specifying  that  these 
speeds  were  similar  to  the  speeds  which  one  might  expect  if  the  blade 
were  in  reality  acting  as  a  bat. 

The  partial-vacuum  theory  was  based   on   experiments  which 
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showed  that  the  partial  vacuum  on  the  top  of  the  wing  was  numeri- 
cally larger  than  the  positive  pressure  underneath  the  wing.  The 
difference  in  pressure  held  the  wing  up.  It  was  not  the  vacuum,  it 
was  not  the  pressure;  but  it  was  the  difference  between  the  pressure 
bdow  and  tihe  vacuum  above. 

The  stream-deflection  'theory  assumed  that  a  stream  or  layer  of 
the  air  came  along  and  struck  the  inclined  plane,  Le.,  the  propeller 
blade^  and  was  thus  deflected.  The  trouble  witih  this  theory  was 
that  the  sise  of  the  stream  was  a  matter  of  conjecture.  The  active 
stream  merged  into  the  surrounding  air,  and  it  was  customary  to 
assume  a  stream  and  guess  its  proportions  and  how  it  was  deflected. 

Exponents  of  the  momentum  theory  said:  ''If  the  air  strikes 
against  the  blade,  the  air  is  going  down  behind  it;  how  fast  it  is  going 
down  is  told  by  the  slope  of  the  plane.''  They  estimated  the  weight 
of  the  deflected  stream  and  how  much  power  must  have  been  supplied 
to  produce  the  motion. 

What  he  called  the  hydraulic  theoiy  of  sustentation,  or  thrust, 
could  readily  be  imagined  on  the  principle  of  the  venturi  tube. 
Where  water  was  going  fast  through  a  venturi  tube  there  was  a  low 
pressure;  where  it  was  going  slow  there  was  a  high  pressure.  One 
could  examine  the  velocity  of  the  air  stream  where  it  was  rapid  on 
the  upper  or  convex  surface  of  the  aerofoil,  and  where  it  was  slow  on 
the  lower  or  concave  surface.  Therefore,  from  a  simple  theory  of 
hydraulics  one  could  calculate  where  the  pressure  was  low  and  where 
it  was  high. 

The  vortex  theory  assumed  that  a  component  of  circulation 
existed  around  the  blade  in  such  a  way  that  the  air  stream  was  more 
rapid  on  the  upper  surface  of  the  wing  than  on  the  lower  surface.  A 
corresponding  state  of  circulation  was  supposed  to  be  manifested  in 
the  form  of  trailing  vortices  which  had  their  origins  near  the  ends  of 
the  wings,  or  blades,  so  as  to  form  endless  continuations  of  the  com- 
ponent circulation  which  existed  aroimd  the  blade.  This  theory  did 
not  explain  how  such  a  state  of  affairs  came  into  existence,  and  no 
adequate  technique  appeared  to  have  been  developed  for  making  use 
of  the  theory. 

The  vortices  mentioned  could  be  readily  seen  with  the  naked  eye 
when  the  blade,  or  aerofoil,  was  working  in  a  dusty  or  smoky  atmo- 
spjjiere.  They  were  formed  instantly  at  the  moment  when  the  blade 
started  to  move,  and  the  trailing  vortices  were  joined  together  at  the 
rear  extremity  by  a  vortex  which  was  produced  by  the  trailing  edge 
of  the  blade.    This  could  be  seen  when  the  blade  started  to  move. 
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Remnants  of  the  circulation  around  the  blade  could  sometimes  be 
detected  when  the  blade  was  stopped  suddenly. 

H.  F.  Hagen  said  that  the  screw  theory  as  mentioned  in  the 
paper,  with  the  idea  that  a  screw  went  through  a  soUd  mass  either  in 
air  or  water,  had  never  been  used  by  any  designer  or  scientist.  As 
originally  presented  by  Rankine,  it  allowed  for  a  certain  slip.  The 
term  "  slip,"  however,  was  rather  unfortunate.  We  were  accustomed 
to  say  that  a  propeller  could  not  do  any  work  unless  it  had  a  certain 
slip,  but  it  would  be  much  better  to  say  that  a  propeller  could  do  no 
work  unless  it  had  produced  rotation  in  the  direction  of  the  rotation 
of  the  screw.  That  had  been  proved  by  a  number  of  investigators 
and  to  disregard  it  would  be  entirely  incorrect. 

The  various  theories  enumerated  by  Mr.  Durfee  he  thought  could 
all  be  combined  under  the  term  **  stream-line  theory."  Professor 
Brooks'  theory  did  not  take  account  of  the  discharge  side  of  the 
propeller,  and  as  the  speed  of  the  fluid  on  the  discharge  side  was 
certainly  faster  than  the  speed  of  the  fluid  entering,  there  could  be 
no  continuity.  That  would  require  water  to  be  broken  up  into 
droplets,  or  air  to  behave  like  a  cloud  of  non-interfering  dust  particles. 
The  chief  objection  to  this  was  that  air  or  any  other  fluid  did  not 
work  that  way.  Any  one  who  had  ever  observed  the  flow  of  smoke 
around  the  blade  would  have  noticed  that  there  was  only  one  stream 
line  really  that  touched  the  blade  —  the  others  were  formed  flowing 
around  smoothly. 

Any  propeller  theory  to  be  complete  ought  to  explain  both  the 
action  in  air  and  water.  Both  were  fluids  and  the  difiference  between 
them  was  not  one  of  elasticity  but  of  compressibility.  Air  was 
compressible,  water  practically  non-compressible.  Making  due  al- 
lowance for  compressibiUty,  density  and  viscosity,  it  should  be 
possible  to  predict  the  performance  of  the  air  propeller  from  that  of 
the  water  propeller.  There  were  questions  as  to  the  latter  regarding 
the  shape  of  the  stern  of  the  vessel,  the  free  surface  of  the  water,  and 
the  bottom,  which  all  combined,  so  that  although  the  general  theory 
might  bring  the  two  together  and  reconcile  the  airplane  propeller 
and  the  water  propeller,  he  doubted  very  much  whether  tests  on  water 
propellers  could  ever  be  used  for  air  propellers,  because  although  the 
stream  lines  might  be  similar,  yet  it  would  be  impossible  to  transfer 
any  quantitative  results  from  one  to  the  other. 


No.  1643 

THE  ELASTIC   INDENTATION   OF  STEEL 
BALLS  UNDER  PRESSURE 

By  C.  a.  Brioos,  Washington,  D.  C. 
Member  of  the  Society 

and 

W.  C.  Chapini  and  H.  G.  Hbil> 
Non-Members 

This  paper  reports  the  restdU  of  experimenU  recerUly  carried  out  at  the  Bureau 
oj  Standards f  Washington,  D,  C,  in  connection  with  the  adjustment  and  standard" 
iiation  of  precision  apparatus' incidental  to  the  testing  of  munition  gages. 

For  the  case  of  balls  pressing  against  flat  surfaces,  which  vxis  the  one  considered 
in  the  experiments,  the  results  obtained  show  thai  the  indentation  is  not  directly 
proportumal  to  the  pressure  but  to  the  two4hirds  power  of  the  pressure.  This  is  of 
importance  in  the  design  of  ball  bearings  as  it  indicates  what  effects  are  produced 
on  the  distribution  of  the  load  by  slight  variations  in  the  size  of  the  balls  in  a 
hearing. 

The  results  are  given  in  the  form  of  alignment  charts  and  in  both  metric  and 
English  units. 

TN  the  adjustment  and  standardization  of  precision  apparatus 
at  the  Bureau  of  Standards  incidental  to  the  testing  of  muni- 
tion gages,  the  subject  of  the  effect  of  pressure  on  the  dimensions  of 
steel  balls  and  length  standards  having  rounded  ends  came  up  for 
consideration.  After  a  preliminary  study  of  the  matter  it  was  con- 
cluded that  the  distortion  of  the  steel  balls  between  the  contacts,  and 
the  elastic  compression  of  the  portion  of  the  rounded  ends  not  directly 
in  contact  with,  the  measuring  surfaces,  was  very  small,  a  conclusion 
that  appeared  inconsistent  with  some  of  the  results  that  had  been 
obtained  in  actual  measurements.  This  directed  attention  from  the 
main  portion  of  the  steel  ball  or  rounded  surface  to  the  elastic  in- 
dentation of  the  surfaces  immediately  in  contact  with  each  other. 
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In  order  to  settle  the  questions  arising,  experiments  were  undertaken, 
and  the  results  obtained  form  the  substance  of  this  report. 

2  These  experiments,  while  limited  in  scope,  were  so  successful 
in  giving  consistent  results  and  data  of  apparently  wider  application 
than  that  originally  intended,  that  it  appears  desirable  to  make  a 
brief  report  summarizing  and  recording  the  information  obtained. 
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Fig.  1    Chart  fpr  Determining  the  Indentation  of  Steel  Balls 

(Metric  Units) 

Owing  to  the  fact  that  the  effect  of  high  pressure  was  of  no  immediate 
interest  in  reference  to  the  problem  in  hand^  and  to  the  fact  that  to 
extend  the  investigation  to  greater  pressures  would  have  required 
time  that  was  needed  for  other  matters,  low  pressures  only  were 
employed. 

3    The  maximum  pressure  used  on  steel  balls  against  glasB  platee 
was  20  lb.,  which  was  used  on  balls  f  in.  and  1  in.  in  diameter.    On 
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smaller  balls  the  maxiinum  pressure  used  was  10  lb.  The  results, 
therefore,  do  not  represent  conditions  present  when  high  pressiures 
are  used,  such  as  occur  in  the  Brinell  hardness  test  of  materials  where 
the  stresses  are  above  the  elastic  limit;  or  pressures  such  that  the 
indented  area  includes  a  solid  angle  large  enough  to  invaUdate  the 
assumption  frequently  made  when  the  angle  is  small  that  the  sine 
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Fig.  2    Chart  for  Determining  the  Indentation  of  Steel  Balls 

(English  Units) 

and  angle  are  equal.  However,  the  results  obtained  do  give  accurate 
information  of  the  effect  of  pressures  on  the  measiu'ed  diameters  of 
spherical  surfaces  of  steel  or  other  materials  which  are  employed  in 
standardizing  gages;  and  also  appear  to  give  information  of  practical 
value  as  to  what  occurs  in  ball  bearings. 

4    The  experiment  was  performed  by  observing  and  measuring 
with  a  micrometer  microscope  the  area  of  contact  made  by  flat  and 


142      ELASTIC  INDENTATION   OF  STEEL  BALLS  UNDER  PBES8URB 

spherical  surfaces  in  contact  with  each  other  under  varying  pressures. 
This  area  of  contact  was  viewed  as  the  central  spot  in  the  Newton's 
ring  system  formed  when  a  glass  surface  was  in  contact  with  a  polished 
surface  of  steel  or  with  another  glass  surface.  The  amount  of  in- 
dentation was  obtained  from  the  measured  diameters  by  a  simple 
computation,  easily  derived,  which  it  is  not  necessary  to  give  here. 
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Chart  for  Determining  the  Diameter  of  the  Indented  Spot 
OF  Steel  Balls  (Metric  Unttb) 


5  The  different  combinations  of  surfaces  available  for  observa- 
tion and  use  in  the  experiments  were:  a  steel  sphere  pressing  against 
a  fiat  glass  surface;  a  spherical  glass  surface  pressing  against  a  flat 
steel  surface;  and  a  spherical  glass  surface  pressing  against  a  flat 
glass  surface. 

6  From  an  examination  of  the  results  for  each  pair  of  surfaces 
in  contact  plotted  on  log  paper,  and  from  general  reasoning  ba^ed  on 
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the  nature  of  the  phenomena,  a  general  equation  was  worked  out  for 
the  purpose  of  corrdating  aU  of  the  results.  It  is  not  necessary  for 
'  present  purposes  to  expand  this  report  by  giving  all  of  the  various 
considerations  which  led  to  the  particular  form  assumed  for  this 
general  equation  —  suffice  it  to  state  that  after  the  constants  of  the 
genoral  equation  had  been  determined  from  the  experimental  data, 
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the  experimental  values  were  reobtained  by  computations  from  the 
general  equation,  and  the  agreement  between  the  computed  and 
experimental  values  was  very  good;  in  fact,  the  agreement  was  so 
satisfactory  that  it  was  considered  unnecessary  to  take  additional 
data  from  the  same  material,  as  bad  been  contemplated  up  to  that 
time. 
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7  In  the  case  of  steel  against  steel  it  was  of  course  not  possible 
to  observe  the  area  of  contact  owing  to  the  opaque  nature  of  both 
contact  surfaces,  so  that  the  values  of  steel  against  steel  were  obtained 
by  the  use  of  the  general  formula  which  had  been  found  to  fit  all  the 
various  surfaces  and  materials  used  in  the  experiments. 

8  It  will  be  noted  in  the  equations  which  follow  that  a  quantity 
called  the  "indentation  modulus"  is  used  to  express  the  elastic 
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property  which  determines  the  indentation.  It  was  originally  in- 
tended to  use  Young's  modulus  as  representing  in  a  general  way  the 
elastic  properties.  However,  on  looking  up  the  elastic  constants  of 
glass  it  was  found  that  a  problem  of  very  similar  nature  had  been 
worked  out  by  Hertz  from  theoretical  considerations  which  gave 
practically  the  same  form  of  equation  as  was  derived  in  the  present 
experiments,  and  in  which  the  elastic  property  effective  in  determin- 
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ing  the  indentatioii  was  found  by  Hertz  to  be  a  function  of  Young's 
modulus  and  Foisson's  ratio,  and  which  was  called  the  indentation 

modulus. 

9     It  has  not  been  necessary  for  the  present  purposes  to  concern 

oursdvea  with  the  manner  in  which  the  indentation  is  distributed 
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between  the  surfaces  in  contact,  so  no  further  reference  will  be  made 
10  tbis  subject. 

10  A  very  interesting  feature  which  can  be  noted  on  examining 
the  results  is  that  the  indentation  is  not  Unear  with  the  pressures  but 
is  proportional  to  the  two-thirds  power  of  the  pressures.  This  is  a 
tact  of  important  interest  in  connection  with  the  design  of  ball  bear- 
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ings,  as  it  indicates  what  effects  are  produced  on  the  distribution  of 
the  load  by  slight  variations  in  the  size  of  the  balls  in  a  bearing. 

11  For  steel  against  steel,  which  is  the  case  of  most  general  and 
important  interest,  the  results  are  given  in  the  form  of  computation 
charts,  Figs.  1  to  6,  by  means  of  which  numerical  values  can  be 
obtained  quickly  for  any  particular  case  covered  by  the  equations. 
Three  of  the  charts  are  for  metric  units  and  three  for  English  units. 

12  In  reference  to  future  experiments,  those  which  would  appear 
to  be  of  most  practical  interest  are  concerned  with  the  determination 
of  the  elastic  indentation  of  spherical  surfaces  in  contact  with  cylin- 
drical surfaces  and  cylindrical  surfaces  against  cylindrical  surfaces 
—  such  as  are  represented  by  many  forms  of  ball  and  roller  bearings 
in  every-day  use.  It  would  be  also  of  interest  to  extend  the  experi- 
ments already  made  by  employing  higher  pressures. 

13  The  elastic  coefficients  for  the  materials  used  in  the  experi- 
ments of  this  report  were  obtained  from  tabular  data.  If,  in  the 
future,  it  becomes  desirable  to  obtain  information  on  the  indentation 
of  surfaces  with  great  precision,  experiments  should  be  performed  on 
materials  that  have  had  their  properties  carefully  measured,  so  as  to 
fix  with  exactitude  the  values  of  Young's  modulus  and  Poisson's 
ratio  for  the  particular  steel  and  glass  used  in  the  experiment. 

14  The  results  of  the  experiments  are  summarized  in  the  eight 
equations  which  follow. 

15  General  EgiuUion  far  InderUoHan: 

where  dG  =  mutual  indentation  between  the  surfaces  in  contact 

P  =  pressure  acting  between  the  two  surfaces 
Gi  and  Gt   =  radii  of  curvature  of  the  two  surfaces 
El  and  Et  =  indentation  moduli  of  the  surfaces  Gi  and  6s. 

The  indentation  modulus  is  given  by  the  expression 

where  E  =  Young's  modulus  and  u  =  Poisson's  ratio.  The  constant 
0.518  is  the  same  for  both  metric  and  English  units  when  either  are 
used  consistently  throughout  the  formula. 

.  16  IndenUUian  af  Steel  BaUa  Between  Flat  Steel  Surfaces.  For 
metric  units  the  indentation  is  given  by  the  equation 

pi 
2  dC  =  0.00210 -^ [8] 
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where  2  dG  is  the  indentation  in  millimeters  from  both  sides  of  the 
ball.    For  Elnglish  imits  the  equation  is 

2  dG  =  0.0000166  Pi/G* [4] 

where  2  dG  is  given  in  inches. 

17  Diameter  of  Area  of  Contact  Between  the  Surfaces,  Steel  Against 
Sted,    For  metric  units, 

12  =  0.0647  P*Gl [6] 

where  R  is  the  diameter  of  the  spot  in  millimeters.    For  English 
unite, 

fl  =  0.00576  P*G* [6] 

where  R  is  given  in  inches.    If  the  general  equation  is  desired  for  R 
it  can  be  derived  easily  from  Equation  [1]. 

18  Average  Pressure  Over  the  Area  of  Contact,  Steel  Against  Steel. 
For  metric  units, 

S  =  304Pi/G» [7] 

where  S  ia  given  in  kilograms  per  square  millimeter.    For  English 

units, 

.       S  =  38,400  Pi/G* [8] 

where  S  is  given  in  pounds  per  square  inch.    If  the  general  equation 
for  S  is  desired  it  can  likewise  be  developed  from  Equation  [1]. 

19  Computation   Charts.    Means   for   graphically   solving   the 
preceding  equations  are  shown  in  the  accompanying  charts,  Figs.  1 
to  6.    A  straight  line  placed  across  any  of  the  charts  will  strike 
readings  on  the  vertical  scales  which  are  a  solution  of  the  correspond- 
ing equation.    With  these  charts,  when  any  two  of  the  three  quan- 
tities of  the  equation  are  given,  these  quantities  will  establish  two 
points  which  determine  a  straight  line,  and  the  value  of  the  third 
quantity  will  be  given  by  the  intersection  of  the  straight  line  with 
the  corresponding  vertical  scale. 

DISCUSSION 

The  Author.  In  reply  to  a  question  asked  by  Arthur  M. 
Greene,  Jr.,  I  would  say  that  while  the  pressure  employed  in  the 
experiments  was  never  greater  than  20  lb.,  I  believe  that  the  formula 
derived  will  apply  to  much  higher  pressures. 

It  should  be  stated  that  these  experiments  were  made  in  the 
midst  of  war  when  time  was  at  a  premium  and  when  results  were 
the  only  matters  of  interest.     In  starting  the  gage  work  the  question 
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of  the  effect  of  pressure  was  constantly  arising  in  the  measurements 
made  in  the  shop  and  in  the  laboratories,  and  while  it  now  appears 
that  experiments  of  this  nature  had  been  made  in  previous  work,  it 
was  not  familiar  to  those  needing  it  at  that  time.  Elxperimental 
work  was  first  started  in  a  very  extemporaneous  way,  t>ut  the  results 
proved  to  be  very  satisfactory  and  approximate  values  were  obtained 
in  very  short  order. 

Reference  has  been  made  in  the  paper  to  the  formula  of  Hertz. 
Since  the  experimental  work  of  this  paper  was  done,  and  after  the 
gage  work  was  well  started,  the  work  of  Hertz  was  examined  in 
another  reference  with  the  following  interesting  facts  developing: 

Taking  the  experimental  constant  developed  in  the  paper  and 
altering  the  equation  to  correspond  to  a  sphere  pressing  against  a 
flat  surface,  where  the  sphere  and  the  flat  surface  are  of  the  same 
material,  and  comparing  the  coefficient  of  the  equation  with  the 
coefficient  of  the  similar  equation  deduced  by  Hertz  from  theoretical 
considerations,  there  results: 

Value  of  coefficient  deterinined  from  these  experiments 0.8229 

Value  of  theoretical  coefficient  deduced  by  Hertz 0. 8255 

This  agreement  between  the  two  coefficients,  experimental  and  the- 
oretical, is  well  within  one-half  of  one  per  cent. 

Previous  to  the  experiments  of  this  paper  it  appears  that  experi- 
ments were  attempted  in  using  steel  but  had  to  be  given  up.  In 
view  of  the  fact  that  absolutely  no  difficulty  was  experienced  in  the 
present  instance  it  is  hard  to  understand  what  the  trouble  was. 

A  paper  by  Henr>'  Hess/  to  which  I  have  been  referred,  gives  a 
translation  of  an  article  by  Professor  Stribeck,  in  which  the  follow- 
ing statement  is  made: 

To  determine  the  influence  of  the  elastic  modulus,  he  pressed  a  steel  lens 
against  the  plane  siirfaces  of  various  materiab,  but  encountering  difficulties  of 
observation  he  gave  up  the  experimental  proof. 

This  work  suggests  two  things  of  importance:  First,  that  the 
results  of  elastic  indentation  deduced  from  the  theoretical  consid- 
erations, as  was  done  by  Hertz,  can  be  depended  on  to  give  practical 
results;  second,  from  the  directness  with  which  the  experiments 
were  carried  out  it  appears  that  in  practice  for  new  forms  of  the 
problem  it  may  be  found  easier  to  make  experiments  and  develop 
empirical  equations  from  the  dat-a  obtained  than  to  handle  the 
mathematical  difficulties. 

»  Trans.  Am.  Soc.  M.  E.,  vol.  29  U907),  p.  421. 
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ELECTRIC   HEATING   OF   MOLDS 

By  Harold  E.  White,  Ampere,  N.  J. 
Member  of  the  Society 

Informing  porta  made  from  hard  rubber  and  the  various  phenolic  condenacUion 
produeti  now  available,  the  standard  procedure  has  been  to  employ  metal  molds  fiUed 
vfith  the  material  which  are  placed  between  steam-heated  plates  attached  respectively 
to  the  upper  and  lower  platens  of  a  hydraulic  press. 

Difficulties  encountered  by  the  author  in  the  use  of  this  method  led  him  to  devise 
the  one  described  in  the  paper,  in  which  the  heating  is  done  electrically.  Briefly,  it 
consists  in  magnetizing  the  molds  wdh  alternating  current  at  60  cycles.  As  the  molds 
on  of  steel  and  generally  hardened,  they  heat  up  rapidly  due  to  induced  electric  cur- 
rents  and  also  in  part  to  hysteresis  losses. 

Various  advantages  of  the  new  method  are  pointed  out,  and  it  is  stated  that  it  can 
probably  he  utilized  to  advantage  in  the  production  of  die  castings  of  readily  fusible 
''•^^  and  also  in  drawing  the  temper  of  hardened-steel  parts, 

Q  YNTHETIC  molding  materials  are  being  used  on  an  increasingly 
extensive  scale  not  only  for  parts  of  electrical  machinery,  but 
for  many  other  articles  of  usefulness.  It  is  the  purpose  of  this 
paper  to  describe  a  novel  method  for  applying  heat  to  the  molds 
in  which  such  parts  ai*e  formed  which  the  writer  believes  will  be  of 
general  interest  and  of  conidderable  utility  under  certain  con- 
ditions. 

2   The  earliest  example  of  such  a  material  is  perhaps  hard  rubber 

or  vulcanite.    More  recent  examples  are  the  phenolic  condensation 

products  sold  under  various  trade  names.     All  of  these  materials 

are  alike  in  that  a  moderate  degree  of  heat  causes  them  to  soften 

sufficiently  to  take  the  form  of  the  mold,  while  a  higher  degree  of 

heat  causes  them  to  undergo  chemical  changes  that  harden  them  into 

a  highly. resistant  condition.     In  general,  the  phenolic  condensation 

products  are  superior  to  the  older  rubber  products,  except  where  a 

high  degree  of  elasticity  is  essential.     The  phenolic  condensation 

products  are  much  more  resistant  to  chemical  action  and  in  some 

preparations  are  much  stronger  mechanically. 
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3  Manufacture  of  parts  made  of  this  material  on  a  small  scale 
under  the  observation  of  the  writer  led  to  the  development  of  the 
new  method  of  production  which  is  described.  While  it  is  not  be- 
Ueved  that  this  method  can  replace  the  methods  used  in  factories 
which  specialize  on  these  materials,  it  would  appear,  nevertheless, 
that  it  can  be  used  with  success  in  almost  any  machine  shop  equipped 
with  a  hydrauhc  press,  or  even  an  arbor  press  if  the  articles  are  small, 
provided  alternating  current  is  available. 

4  At  first  an  attempt  was  made  to  use  the  standard  method  of 
production,  which  was  to  place  the  filled  molds  between  two  steam- 
heated  plates  attached  respectively  to  the  upper  and  lower  platens  of 
a  hydraulic  press.  Live  steam  at  about  110  lb.  per  sq.  in.  was 
admitted  to  these  plates  until  the  pieces  were  fully  hardened.  Then 
cold  water  was  circulated  through  the  same  plates  until  the  mold 
was  cold,  after  which  the  mold  was  taken  out  and  refilled  for  another 
piece. 

5  Under  these  conditions  production  was  slow  and  frequently 
interrupted  altogether.  The  slowness  of  production  was  due  to  the 
fact  that  heat  was  not  transmitted  rapidly  enough  from  the  hot 
plates  to  the  mold  because  the  steam  was  often  wet  and  the  plates 
had  a  lower  temperature  than  the  boiler  pressure  would  indicate. 
These  difficulties  were  accentuated  by  the  fact  that  most  of  the  molds 
were  long  and  slender,  so  that  they  had  but  a  small  part  of  their  sur- 
face in  contact  with  the  hot  plates  and  a  large  part  of  their  surface  in 
contact  with  the  air.  The  heating  and  cooling  of  the  fittings  alter- 
nately carrying  the  steam  and  the  cooling  water  resulted  in  frequent 
leaks,  especially  in  the  flexible  piping,  the  use  of  which  was  neoeasi- 
tated  by  the  movement  of  the  upper  platen  of  the  press. 

6  During  one  of  these  periods  of  interruption  recourse  was  had 
to  a  method  of  electrical  heating  with  such  good  results  that  the  use 
of  steam  was  abandoned  altogether.  In  brief,  the  method  consisted 
in  magnetizing  the  molds  with  alternating  current  at  60  cycles.  As 
these  molds  are  always  made  of  steel  and  generally  hardened,  ihey 
will  heat  up  rapidly  under  these  conditions  due  to  induced  electric 
currents  in  the  various  p>arts  of  the  molds  and  also  in  some  measure 
to  h>^teresis  losses,  especially  in  the  hardened  parts. 

7  The  method  as  at  first  used  was  simple  in  the  extreme.  The 
coil  was  made  of  100  turns  of  No.  6  asbestos-covered  wire  and  whtn 
in  operation  its  terminals  were  connected  by  a  switch  directly  to  the 
220-volt  supply  Une.  With  molds  weighing  10  to  15  lb.  a  curing 
temperature  could  be  reached,  starting  cold,  in  from  3  to  5  min.    It 
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should  be  understood  that  under  the  conditions  of  working  the 
mapetiaug  coil  remains  quite  cool. 

8  The  heat  is  developed  in  the  interior,  thouf^  mostly  near  the 
fliriue,  of  the  molds.  If  the  current  is  left  on  indefinitely  a  tem- 
pentoie  destructive  to  the  molding  material  results.  This  necessi- 
tates some  way  by  which  a  definite  result  may  be  secured.  Gen- 
enDy  it  is  sufficient  to  miake  trial  pieces,  noting  the  time  of  heating, 
of  each  by  a  watch  or  clock.  After  observing  the  right  time,  it  can 
be  repealed  indefinitely  for  other  pieces.  A  good  method  of  gaging 
the  temperature  of  the  molds  is  to  observe  the  color  of  sulphur  when 
melted  id  contact  with  the  mold.    The  brick-red  color  which  sul- 

1    I 


Fig.  1    Elementart  Arranoeuent    Fia.  2    Iuproved  Arranoeuent  with 
or  Heating  Coil  Coils  Above  and  Below 

pbur  shows  at  180  deg.  to  200  deg.  cent,  gives  a  good  indication,  but 
it  is  hard  to  keep  the  sulphur  in  place.  A  better  material  is  a  cane- 
^gar  syrup  with  a  httle  blue  litmus,  which  chnga  to  the  hot  molds 
and  chars  to  a  tobacco-brown  when  the  temperature  limit  has  been 
reached. 

9  When  a  sufficient  temperature  has  been  reached  the  switch  is 
opened  and  the  mold  cools  off  slowly,  during  which  time  the  final 
hardening  of  its  contents  takes  place. 

10  .'V  study  of  the  heating  action  in  detail  is  interesting.  Re- 
ferring to  Fig.  1,  P'  and  P"  are  the  cast-iron  platens  of  the  press,  M 
the  matrix,  aod  K'  and  K"  the  plugs  by  which  the  molding  material 
D  is  pressed  in  the  matrix.  C  is  the  current-carrying  coil.  Since 
the  magnetic  field  is  the  means  of  carrying  the  energy  to  the  mold, 
it  will  be  seen  by  those  familiar  with  electromagnetism  that  the  part 
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of  the  mold  in  the  plane  of  the  coil  heats  most  rapidly.  The  ends  of 
the  mold  in  contact  with  the  platens  lose  heat  rapidly,  so  that  it  was 
found  well  to  protect  them  against  such  loss  by  asbestos  or  pasteboard 
sheets  at  Z.  Next,  several  coils  of  different  proportions  were  made, 
long  ones  for  the  longer  molds  and  flatter  ones  for  the  shorter  ones. 
11  It  was  found  inconvenient  to  hft  the  hot  molds  from  the 
interior  of  the  coils,  so  a  further  improvement  was  made  in  which  tiie 


Fio.  3    Htdraduc  Pbesb  Fitted  wrrH  Coils  as  Shown  m  Fio.  2 

coils  were  subdivided  into  two  halves  and  mounted  as  shown  in  Fig. 
2,  in  which  letters  designate  the  same  parts  as  in  Fig.  1.  This  arrange- 
ment gives  good  heating  throughout  the  mold  regardless  of  the  shape. 
In  fact,  there  is  a  little  greater  heating  at  the  ends,  which  compensates 
for  loss  by  conduction.  The  plates  P',  P"  were  fitted  with  laminated- 
iron  sections  so  that  a  path  for  the  magnetic  flux  in  them,  which  would 
not  develop  heat,  could  be  provided.  Fig.  3  is  a  photograph  of  the 
press  fitted  with  these  coils.    It  is  evident  that  the  molds  could  be 
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put  into  or  removed  from  the  press  thus  fitted  as  readily  as  from  an 
ordinary  press. 

12  In  all  of  these  arrangements  the  magnetic  return  circuit 
consists  of  leakage  through  the  air  and  through  the  massive  parts  of 
the  press,  in  all  of  which  the  magnetism  is  so  diffused  that  the  energy 
loss  is  small.  This  is  clear  from  the  fact  that  such  losses  are  a  fimc- 
tion  of  the  square  of  the  magnetic  density  and  the  electrical  con- 
ductivity of  the  material.  Cast  iron  being  of  low  conductivity, 
losses  in  the  heavy  parts  of  the  press  are  necessarily  very  small. 
Cast  iron  would  not  be  a  good  material  from  which  to  make  the 
molds.  It  is  evident  that  the  thermal  efficiency  of  this  method  is 
comparatively  high.  The  writer  has  good  reason  to  believe  that 
more  than  half  of  the  heat  which  is  developed  makes  its  appearance 
in  the  mold. 

13  By  the  induction  method  of  heating  it  is  possible  to  pile 
several  thin  molds  on  top  of  each  other  and  heat  them  all  at  once. 
This  is  not  possible  by  any  other  method.  By  this  means  one  press 
can  be  made  to  produce  several  articles  simultaneously. 

14  In  making  molded  insulation  the  cost  of  molds  is  frequently 
very  great.  By  the  induction  method  of  heating  the  cheapest 
possible  mold  can  be  used,  since  it  is  never  necessary  to  so  shape  it 
as  to  admit  steam  to  it,  or  so  as  to  favor  the  flow  of  heat  into  it  from 
any  external  source. 

15  Many  electrical    engineers    would    regard    the    low  power 
factor  at  which  such  devices  operate  as  a  serious  drawback.    How- 
ever, the  writer  regards  it  as  an  important  advantage  in  that  a  steady- 
ing effect  on  the  circuit  is  produced,  so  that  whether  a  large  mold 
or  a  small  mold  or  no  mold  at  all  is  placed  in  the  coil,  no  harmful 
result  will  follow,  the  large  size  of  wire  used  being  sufficient  for  the 
current  at  all  times.     Measured  up  in  terms  of  value  received  for  the 
outlay  and  freedom  from  trouble  and  general  convenience,  the  process 
was  entirely  satisfactory.     A  press  having  a  better  magnetic  circuit 
which  would  have  operated  at  a  power  factor  comparable  to  that  of 
an  induction  motor  could  have  been  made  at  a  greater  cost,  but 
the  extra  cost  would  have  exceeded  the  saving  possible  during  the 
time  the  above  apparatus  was  in  use,  which  was  about  one  year. 

16  It  is  beUeved  that  other  uses  might  be  made  of  this  process; 
for  example,  die  castings  of  readily  fusible  metal  might  be  made 
economically  on  a  small  scale;  or  hardened-steel  parts  might  be 
tempered,  in  which  case  the  temper  could  be  drawn  without  over- 
heating sharp  angles  and  cutting  edges. 
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STRESSES  IN  MACHINES  WHEN  STARTING 

OR  STOPPING 

By  F.  Htmans,  Nbw  York,  N.  Y. 
Member  of  the  Society 

Far  the  irUdligerU  determination  of  the  dimensione  of  machine  parts  it  is  necessary 
thai  the  forces  acting  thereon  be  known.  The  calcidalion  of  these  forces  follows  at 
present  one  of  two  methods.  The  first  assumes  a  state  of  equUtbrium  for  the  machinCf 
tMchf  however,  exists  only  when  the  machine  runs  at  constarU  speed  or  is  at  rest.  In 
the  second  the  machine  is  considered  to  consist  of  rigid  parts,  hut  their  acceleration  at 
start  or  stop  is  considered.  Neither  of  these  methods  leads  to  even  approximatdy 
correct  residis.  A  new  method  for  the  correct  evaluation  of  the  forces  acting  on  machine 
parts  during  start  or  stop  is  developed^  and  illustrated  by  application  to  a  vertical 
(feared  hydrardic  hoisting  machine.  It  is  shown  that  the  stresses  during  start  or  stop 
depend  on  the  inertia  and  elasticity  of  the  parts,  their  distribiUion  throughout  the 
system,  and  on  the  magnitude  and  nature  of  the  accderating  force.  Vibrations  at 
start  or  stop  always  occur,  but  whether  they  are  pronounced  and  give  rise  to  dangerous 
stresses  depends  to  a  very  great  extent  on  the  character  of  the  accelerating  force. 

1   INTRODUCTION 

A  MACHINE  is  a  system  of  correlated  parts  so  arranged  that  the 
^^^  application  of  one  or  more  forces  —  which  for  distinction  we 
shall  call  the  motive  forces^- to  certain  of  the  machine  parts  will 
cause  motion  and  overcome  resistances  due  to  frictional  forces  and 
loads  applied  to  other  parts. 

2  A  cycle  of  operation  of  a  machine  can  be  divided  into  three 
more  or  less  distinct  periods,  namely,  the  start,  run  at  constant  speed, 
and  the  stop.  Equilibrium  between  the  motive  force  and  the  re- 
sistances exists  only  when  the  machine  parts  run  at  constant  speed, 
and  the  forces  which  then  act  on  them  are  easily  determined  by  the 
known  processes  of  statics.  During  stop  or  start  the  forces  acting 
on  the  machine  parts  exceed  those  existing  in  the  state  of  equilibrium 
by  the  amounts  necessai^  for  their  acceleration. 

3  If  we  had  to  deal  with  perfectly  rigid  bodies  in  our  machines, 
that  is,  if  we  had  to  consider  inertia  only,  the  determination  of  these 
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forces  by  the  application  of  the  dynamics  of  rigid  bodies  would 
present  no  difficulty  whatsoever.  As  a  matter  of  fact,  however,  the 
machine  parts  have  not  only  inertia  but  also  elasticity.  By  virtue 
of  the  latter  they  are  capable  of  sustaining  deformations^  and  pro- 
vided that  the  parts  have  not  been  stressed  above  the  elastic  limit, 
there  is  stored  in  them  an  amount  of  energy  equal  to  the  energy  that 
produced  the  deformation.  This  energy  is  called  the  potential 
energy.  At  the  start  or  stop,  then,  the  work  done  by  the  motive 
force  goes  into  three  parts:  one  part  overcomes  the  resistance,  a 
second  goes  into  kinetic  energy,  and  a  third  into  potential  energy. 

4  The  extent  to  which  each  of  these  forms  of  energy  participates 
in  the  work  done  by  the  motive  force  changes  from  instant  to  instant. 
In  view  of  these  complicated  phenomena  it  is,  to  say  the  least,  idle 
to  suppose  that  the  calculations  of  machine  parts  can  be  based  on  the 
forces  as  they  exist  in  the  state  of  equiUbrium  plus  an  arbitrary  aUow- 
ance  for  so-called  impact,  which  in  most  cases  is  not  even  there.  It 
is  therefore  the  object  of  this  paper  to  present  a  method  whereby  the 
forces  and  phenomena  which  occur  during  start  or  stop  may  be 
determined  with  a  degree  of  accuracy  more  than  sufficient  for  tech- 
nical purposes. 

5  Although  in  problems  of  this  kind  a  fairly  extensive  mathe- 
matical apparatus  cannot  altogether  be  avoided,  it  has  been  reduced 
considerably  by  the  application  of  the  so-caUed  theory  of  nonnal 
coordinates.  A  detailed  exposition  of  this  theory  cannot  here  be 
given  and  the  explanations  have  been  limited  to  the  extent  necessary 
for  a  complete  understanding.  This  is  somewhat  unfortunate  owing 
to  its  very  generaUzed  treatment  in  books,  such  as  Rayleigh's  Theory 
of  Sound,  Routh's  Rigid  Dynamics,  or  Thomson  and  Tait's  TreatiBe 
on  Natural  Philosophy. 

6  Since  a  mere  theoretical  treatise  would  be  unprofitable,  it  is 
here  proposed  to  determine  the  motion  and  forces  when  starting  the 
hydraulic  machine  shown  diagrammatically  in  Fig.  1.  In  the  actual 
design  of  this  machine  it  became  necessary,  for  reasons  of  control, 
to  allow  for  comparatively  large  hydraulic  losses.  In  other  words, 
while  the  water  pressure  necessary  to  balance  the  load  plus  the  me- 
chanical frictions  amounted  to  183  lb.  per  sq.  m.,  the  pressure  supplied 
by  the  pumps  was  260  lb.  per  sq.  in.  At  the  start,  therefore,  there 
was  an  excess  of  pressure  of  77  lb.  per  sq.  in.,  and  since  the  piston 
masses  were  comparatively  small,  very  Uttle  of  it  would  be  absorbed 
in  their  acceleration.  It  was  consequently  expected  that  ropes  and 
other  parts  would  have  to  sustain  heavy  loads  during  the  start. 
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For  that  reason  the  following  calculations  were  undertaken^  and  they 
are  here  reproduced  only  with  such  modifications  as  make  them  more 
suitable  for  the  piuposes  of  this  paper.  D3mamically  the  system 
is  quite  interesting,  since  the  load  A  and  piston  D  move  in  a  straight 
line;  the  stationary  sheave  B  has  rotation  only,  and  the  traveling 
sheave  C  rotation  as  well  as  translation. 

7  Strictly  speaking,  all  of  our  machine  parts  are  elastic,  but 
fortunately  there  are  always  a  few  which  have  elasticity  to  such  a 
predominating  degree  that  the  other  parts  in  comparison  therewith 
may  be  considered  to  be  rigid.  Also,  very  frequently  those  members 
which  are  predominatingly  elastic  have  negligible  mass.  Thus,  any 
machine  may  be  approximated  by  a  system  of  parts,  of  which  some 
have  elasticity  and  others  inertia  only.  In  the  machine  of  Fig.  1, 
for  instance,  it  is  at  once  evident  that  we  shall  consider  the  ropes  ab, 
cd,  and  ef  as  the  only  elastic  members  and  therefore  as  the  seat  of 
potential  energy.  Their  mass  is  negligible  as  compared  with  the 
mass  of  the  other  machine  parts  and  may  be  neglected.  The  re- 
mainder of  the  parts,  that  is  the  load  A,  sheaves  B  and  C,  piston  and 
piston  rod  will  be  considered  rigid  and  therefore  as  the  seat  of  kinetic 
energy. 

8  With  reference  to  Fig.  1,  denote  by  — 

mi  the  mass  of  the  load  A 

mig  the  weight  of  load  A  mlh,  {g  ^  acceleration  of  gravity) 

ms  '  the  mass  of  the  stationary  sheave  B  reduced  to  the  radius  Os&; 

mt  being  that  mass  which,  if  placed  at  a  radius  of  0th  ft., 
will  have  a  moment  of  inertia  in  respect  to  the  axis  of  rota- 
tion equal  to  the  moment  of  inertia  of  the  sheave 
ma  the  mass  of  the  traveling  sheave  C  reduced  to  the  radius  Oid, 

that  is,  the  mass  ma  placed  at  a  radius  of  Oad  ft.  will  have  a 
moment  of  inertia  in  respect  to  the  axis  of  rotation  equal  to 
that  of  the  sheave 
the  msfis  in  the  ordinary  sense  of  sheave  C 
the  weight  of  sheave  C 
the  mass  of  piston  and  piston  rod 
the  weight  of  piston  and  piston  rod 
the  displacement  in  ft.  of  the  load  A  at  the  times  i  and  <  ■■  0, 

respectively 
the  circiunferential  displacement  in  ft.  of  points  h  and  c  of 

sheave  B  at  the  times  t  and  ^  »  0,  respectively 
the  circumferential  displacement  in  ft.  of  points  d  and  e  of 
sheave  C  at  the  times  t  and  t  —  0,  respectively 
$4  and  (84)0  the  displacement  in  ft.  of  the  piston  and  the  parts  rigidly  con- 

nected thereto  at  the  times  t  and  (  =  0,  respectively 
vx  and  (vOo  the  velocity  in  ft.  per  sec.  of  the  load  A  at  the  times  t  and  ^  «  0, 

respectively 


mt 

Tn%'g 

rriA 

niig 

8x  and  (81)0 

St  and  (8,)o 

B%  and  (st)o 
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t^  and  (t^)o  the  circumferential  velocity  in  ft.  per  sec.  of  points  6  and  e  of 

sheave  B  at  the  times  t  and  t  =  0,  respectively 
t;i  and  (t^)o  the  circumferential  velocity  in  ft.  per  sec.  of  points  d  and  e  of 

sheave  C  at  the  times  t  and  t  ^  0,  respectively 
94  and  (^4)0  the  velocity  in  ft.  per  sec.  of  the  piston  at  the  times  t  and  t  >-  0, 

respectively 
P  the  net  force  in  lb.  which  the  piston  at  the  time  i  exerts  on  the 

piston  rod 
Ft  and  Ft  the  mechanical  frictions  in  lb.,  measured  at  the  radii  OJb  and 

Old,  respectively,  due  to  the  rotation  of  sheaves  B  and  C  in 

their  bearings 
Si,  Stf  St  the  forces  with  which  at  the  time  t  the  ropes  ab,  cd  and  ef 

respectively  react  on  the  machine  parts  which  they  connect 
('Si)o)  ('Ss)o,  iSt)o  the  values  of  the  above  forces  at  the  time  t  "  0 
ai»  Off  <h  the  elongation  in  ft.  which  ropes  of  the  free  lengths  06,  cd  and 

rf  suffer  if  acted  upon  at  their  ends  by  a  force  of  1  lb. 

9  Strictly  speaking,  the  quantities  ai,  0%,  as  are  not  constants,  but 
vary  as  the  free  lengths  of  the  ropes  ab,  cd  and  ef  change  with  the 
motion  of  the  machine.  As  a  rule,  however,  the  starting  or  stopping 
periods  are  sufficiently  short  so  that  no  appreciable  error  is  made  by 
using  the  quantities  ai,  os,  Ot  as  if  they  were  constants.  Where  this 
is  not  the  case,  these  values  should  be  based  on  the  average  free 
lengths  of  the  ropes  during  the  period  for  which  the  calculations  are 
to  be  made. 

10  The  displacements  81,  8%,  8%  and  84  of  the  rigid  machine  parts 
will  be  measured  from  the  position  which  they  would  assume  if  the 
elastic  members  (here  the  ropes  ab,  cd  and  ef)  were  permitted  gradu- 
ally to  contract  until  they  were  free  from  stress.  The  initial  dis- 
placements {81)09  Moi  {Si)o  and  (84)0  therefore  correspond  to  the  static 
deformation  (here  the  static  elongation  of  the  ropes)  under  the 
influence  of  the  external  forces  acting  on  the  machine  at  the  time 
t  =  0. 

11  The  direction  in  which  a  displacement  will  be  counted  posi- 
tive may  be  arbitrarily  chosen.  If,  however,  once  selected  for  any 
one  of  the  machine  parts,  the  positive  direction  for  the  others  is 
necessarily  that  direction  in  which  they  tend  to  move  if  a  positive 
displacement  is  given  to  the  former.  Thus,  if  in  Fig.  1  the  arrow  1 
is  the  positive  direction  for  the  displacement  of  the  load  A,  the 
positive  directions  for  the  displacements  of  the  other  rigid  machine 
parts  will  be  according  to  the  arrows  2,  3,  and  4.  External  forces 
will  be  counted  positive  or  negative,  depending  on  whether  they  tend 
to  displace  the  part  on  which  they  act  in  the  positive  or  negative 
direction. 
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12  The  forces  Si,  St,  St  are  internal  forces  corresponding  to  the 
stresses  in  the  ropes  and  occur  in  pairs  of  opposite  direction.  They 
are  given  the  positive  or  negative  sign  accordii^  to  convention  and 
Dot  by  comparison  of  their  direction  with  the  arrows  1,  2,  3,  and  4 


Fia.  1     DiAORAU  OF  Htdraulic  Machine 

of  Fig.  1,  In  the  present  case  a  positive  value  of  the  forces  5i,  St, 
St  will  indicate  tension  and  a  negative  value  compression.  If  tension, 
they  wiU  have  the  directions  shown  in  Fig.  1.  Having  here  to  deal 
with  ropes,  our  equations  of  course  lose  their  validity  as  soon  as  the 
values  for  Si,  Sj,  S3  become  negative.  ' 

13  In  regard  to  the  evaluation  of  the  mechanical  frictions  Ft 
and  Ft,  the  following  is  to  be  remarked.  Considering  in  particular 
Ft,  it  is  proportional  to  the  force  with  which  the  sheave  C  is  pressed 
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against  the  axle  Oz,  around  which  it  rotates  (Fig.  1).  The  sheave  C 
is  acted  upon  by  the  forces  St  and  Si  and  also  moves  with  the  velocity 
of  translation  Va.  The  force  with  which  it  is  pressed  against  the  axle 
is  therefore  equal  to  St  +  St  plus  the  force  m'l  doA/di  necessary  to 
impart  to  its  mass  m'z  the  acceleration  doA/dt.  It  will  thus  be  seen 
that  generally  the  frictions  are  functions  of  the  motion  of  the  machine. 
Their  exact  evaluation,  even  under  the  assumption  of  a  constant 
coefficient  of  friction,  leads  to  equations  which  cannot  be  integrated. 
As  a  rule,  however,  the  frictions  amount  only  to  fractions  of  the  forces 
acting  on  the  machine  parts  and  no  material  error  will  be  made  by  con- 
sidering them  constant  during  the  whole  starting  or  stopping  period, 
and  of  the  same  magnitude  as  when  the  machine  runs  at  full  speed. 

14  Other  difficulties  in  dealing  with  mechanical  frictions  are 
due  to  the  fact  that  the  direction  in  which  they  act  depends  on  the 
direction  in  which  motion  takes  place.  Fortunately,  during  the  stop- 
ping or  starting  of  machines  there  is  normally  no  reversal  of  the 
direction  in  which  each  part  moves.  Thus,  in  our  calculations  for 
the  start  of  the  hydraulic  machine,  Fig.  1,  the  frictions  Ft  and  F$  can 
be  treated  as  external  forces  of  constant  magnitude  and  of  the  direc- 
tion shown  in  the  figure. 

2    THE  ENERGY  EQUATION  OF  A  MACHINE  ACTUATED  BY 

EXTERNAL  FORCES 

15  According  to  the  deformations  existing  in  the  elastic  machine 
members  at  the  time  <  =  0,  there  is  stored  in  them  a  certain  amount 
of  potential  energy,  which  will  be  denoted  by  Fo-  At  the  tiine  t 
other  deformations  have  occurred  and  if  V  demotes  the  potential 
energy  corresponding  thereto,  the  gain  in  potential  energy  at  the 
time  t  will  be  expressed  by  (F  —  Vo)  ft-lb. 

16  If  at  the  time  t  =  0  the  system  is  in  motion,  it  possesses  in 
virtue  thereof  the  initial  kinetic  energy  To.  At  the  time  t  the  kinetic 
energy  will  be  T  and  the  gain  therefore  is  expressed  by  (2"  —  To) 
ft-lb. 

17  Denoting  by  W  the  rate  of  work  performed  by  the  external 
forces  acting  on  the  system  during  any  instant  from  (  =  0  to  (  ~  <, 
we  have,  according  to  djmamics. 

Gain  in  kinetic  energy  plus  )     total  work  done  by  external  forces  in 

gain  in  potential  energy  )  ™     time  interval  from  <  =  0  to  (  =  < 
and  hence 

(r  -  To)  +  (7  -  Fo)  -   Cwdt (1) 

•/o 
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This  is  the  general  energy  equation  and  its  application  to  machines 
merely  requires  the  derivation  of  the  expressions  for  T,  V,  and  W. 

18  The  kinetic  energy  of  a  system  is  the  sum  of  the  kinetic 
energies  of  its  constituent  parts  and  thus  we  obtain  for  the  hydraulic 
machine,  Fig.  1 : 

For  the  load  A,  mi  «  mass  and  vi  »  impressed  velocity,  hence 
kinetic  energy  =  i  miVi*  f t-lb. 

For  sheave  B,in%  ^^  reduced  mass  and  t^  »  velocity  impressed 
thereon,  hence  kinetic  energy  »  ^  tiWi*  f t-lb. 

For  sheave  C,  total  kinetic  energy  <=  kinetic  energy  due  to 
rotation  at  the  circiunf  erential  speed  t^t  plus  kinetic  energy 
due  to  translation  at  the  piston  speed  94*  The  speed  vt 
is  impressed  on  its  reduced  niass  mt,  and  v^  on  its  mass  in 
the  ordinary  sense,  nis^  hence  the  kinetic  eiiergy  = 
(i  m^  +  i  i»»  V)  ft-lb. 

For  the  piston  and  piston  rod,  iua  =  mass  and  v^  =>  impressed 
velocity,  hence  kinetic  energy  »  ^  m^^  ft-lb. 

Summing  up  the  above  quantities,  we  obtain 

r  »  i  }  mith*  +  fim?  +  mi»8*  +  (W  +  mi)  »4* } [2] 

19  The  potential  energy  V  has  its  seat  in  the  elastic  members  of 
the  system  and  is  the  work  necessary  to  bring  about  the  elongationF 
which  the  ropes  06,  cd  and  ef  suffer  at  the  time  t.  As  to  the  rope 
ab,  its  end  6  at  the  time  t  has  moved  the  distance  ss  and  its  end  a  the 
distance  «i.  The  elongation  at  the  time  t  consequently  is  (sj  —  «i)  ft., 
by  virtue  of  which  it  reacts  on  the  load  A  and  the  sheave  B  with  a 
force  Si.  We  have  denoted  by  ai  ft.  the  elongation  which  a  rope  of, 
the  free  length  ab  suffers  if  acted  upon  at  its  ends  by  a  force  of  1  lb. 
The  force  Si  necessary  to  bring  about  an  elongation  of  (sj  —  «i)  ft.  is 
therefore  expressed  in  magnitude  and  direction  by 

S,=^JZilib [3a] 

20  In  writing  down  equations  similar  to  [3a],  care  should  be 
taken  so  that  whatever  displacements  we  choose  to  give  to  the  points 
a  and  b,  tension  must  always  be  reflected  by  a  positive  value  of  Si 
and  compression  (supposing  we  are  dealing  with  a  member  capable 
of  sustaining  compressive  stresses)  by  a  negative  value. 

21  The  potential  energy  stored  in  the  rope  ab  is  the  work  neces- 
sary to  produce  the  elongation  8%  —  81,  and  is  equal  to  the  product  of 
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one-half  the  elongation  into  the  force  to  produce  the  elongation. 
Thus,  the  potential  energy  of  the  rope  ab  at  the  time  t  will  be  expressed 

by 

i(««  -5i)Sift-lb.; 
or,  substituting  for  Si,  by 

^^-ft-lb [4a] 

22  For  the  rope  cd  the  displacement  of  the  end  d  at  the  time  i  is 
(^8  +  Si)  ft.,  namely,  the  sum  of  a  displacement  ss  on  account  of  rota- 
tion and  a  displacement  Si  due  to  the  translation  of  sheave  C.  The 
end  c  has  moved  through  the  distance  Si  and  the  elongation  of  the 
rope  will  be  («s  +  54  —  55)  ft.,  by  virtue  of  which  it  reacts  on  sheaves 
B  and  C  with  a  force  S2.  Since  a  rope  of  the  free  length  cd  when 
acted  upon  at  its  ends  by  a  force  of  1  lb.  sustains  an  elongation  of 
oj  ft.,  we  have 

5,  =  !L+iiI-^lb [36] 

whence  the  potential  energy  will  be 

i  (58  +  54-5,)  St  ft-lb. 

or  when  substituting  therein  for  Sj, 

^J'+^"*~^^*  ft-lb [46] 

23  As  to  the  rope  6/,  its  end  e  has  moved  at  the  time  ( through  the 
distance  (5s  —  54)  ft.,  its  end  /  is  stationary,  whence  the  elongation 
will  be  0  —  (58  —  54)  =  (54  —  58)  ft.  The  force  St  with  which  it  reacts 
on  sheave  C  will  be  expressed  by 

S,  =  ''*-  **lb [3c] 

and  the  potential  energy  by 

h  («4  -  5,)  S,  =  ^^'^V-  ^^Ib [4cl 

The  potential  energy  of  the  machine  at  the  time  t  is  the  sum  of  the 
potential  energies  of  its  constituent  parts.  Hence,  by  adding  the 
quantities  [4a],  [4b]  and  [4c],  we  obtain 

•  ,         n  (5l  -  5i)^    ,    (58  +  54  -  5i)»    ,    (54  -  58)'  I  ,„ 

24  The  external  forces  acting  on  the  hydrauUc  machine.  Fig.  1, 
consist  of  —  mig,  the  weight  of  the  load  A ;   +  m%gj  the  weight  of 


L 
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sheave  C;  +^4^,  the  weight  of  piston  and  piston  rod;  the  frictional 
forces  —Ft  and  —  Fs;  and  the  motive  force  +P. 

25  In  a  system  the  rate  at  which  work  is  performed  by  the 
external  forces  is  the  sum  of  the  rate  of  work  of  the  individual  forces, 
the  latter  being  the  product  of  the  force  into  the  velocity  of  its  point 
of  application.    Thus,  we  easily  derive 

W  =  -miQiVi  -  FiVi  -  Ftvz  +  {niz'g  +  m4g  +  P)vi [6] 

Substitutmg  in  [1]  for  T,  7  and  TF  from  [2],  [6]  and  [6],  the  energy 
equation  for  the  hydrauUc  machine  will  be  expressed  by 


-X 


i 

\  —  miflfvi  —  Ftvt  —  Ftvi  +  {nh'g  +  niig+P)  va  \  di 
0 


..[7] 


The  quantities  To  and  Vq  may  be  obtained  from  [2]  and  [6]  by  sub- 
stituting therein  initial  velocities  and  displacements  for  velocities 
and  displacements  at  the  time  t.  However,  these  quantities  are  of  no 
interest  to  us  and  are  merely  carried  along  since  without  them  [7] 
would  not  be  correct. 

3  RIGID  AND  RELATIVE  MOTION 

26  During  stop  or  start  the  tensions  in  ropes  ab,  cd  and  ef  vary 
from  instant  to  instant.  Considering  in  particular  the  rope  ab,  an 
increase  in  tension  is  accompanied  by  an  increase  in  elongation, 
causing  the  points  a  and  b  to  recede  from  each  other.  If  the  tension 
decreases,  the  rope  contracts  and  points  a  and  b  approach  each  other. 
These  varying  elongations,  however,  are  merely  varying  increments 
in  the  free  length  of  the  rope.  Thus,  the  motion  of  points  a  and  6, 
that  is,  the  motion  of  the  load  A  and  the  circumferential  motion  of 
point  b  on  sheave  B,  consists  of  two  components.  One  of  these  is  a 
motion  —  conmion  to  both  —  wherein  the  linear  distance  between 
the  points  a  and  b  remains  imchanged  and  equal  to  the  free  length  of 
the  rope.  The  second  is  a  motion  superposed  on  the  former  and 
corresponds  to  the  varying  elongations  due  to  the  rope's  elasticity. 
The  same  applies  to  the  motions  of  the  other  machine  parts. 

27  In  problems  of  the  kind  with  which  we  here  are  concerned,  it 
is  simpler  to  determine  the  above  two  components  separately  and  to 
sum  them  up  if  it  is  desired  to  know  the  absolute  motion.  For  dis- 
tinction, the  first-mentioned  component  will  be  called  the  rigid,  and 
the  last-named  the  relative,  motion.    The  rigid  motion  of  a  machine 
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then  is  defined  to  be  the  motion  which  it  would  have  under  the  in- 
fluence of  the  external  forces  if  all  of  its  parts  were  rigid.  Applied 
to  the  hydraulic  machine  of  Fig.  1,  wherein  the  parts  A,  B,  C,  and  D 
already  have  been  assmned  to  be  rigid,  the  rigid  motion  will  be  its 
motion  if  in  addition  the  ropes  ahy  cd  and  ef  are  non-extensible. 

28  The  relative  motion  of  a  machine  will  be  defined  to  be  the 
motion  of  its  parts  relative  to  the  rigid  motion.  This  component 
corresponds  to  the  deformations  of  those  members  of  a  machine  which 
are  considered  to  be  elastic  and  is  for  our  purposes  the  most  important. 
The  absolute  motion  of  a  machine  part  will  be  the  algebraic  sum  of  its 
rigid  and  relative  motions. 

29  The  object  next  to  engage  our  attention  consists  in  the  deter- 
mination of  the  energy  equations  for  both  the  rigid  and  relative 
motions.    For  this  purpose  we  denote  by: 

ai  and  vi  the  rigid  displacement  and  velocity  respectively  of  the 
load  A 

0*2  and  ui  the  rigid  circumferential  displacement  and  velocity,  re- 
spectively, of  points  b  and  c  of  sheave  B 

as  and  us  the  rigid  circumferential  displacement  and  velocity,  re- 
spectively, of  points  d  and  e  of  sheave  C  in  their  rota- 
tion about  Oz 

a  4  and  Ui  the  rigid  displacement  and  velocity,  respectively,  for  the 
piston  and  the  machine  parts  rigidly  connected  thereto. 

30  If  all  of  the  machine  parts  are  rigid  and  therefore  sufifer  no 
deformation,  there  can  of  course  be  no  potential  energy.  The  energy 
equation  for  the  rigid  motion  can  consequently  be  derived  from  [7J 
by  equating  to  zero  all  terms  corresponding  to  the  potential  energy, 
i.e.,  the  terms  having  the  coefficients  ai,  Os,  as,  and  by  replacing  abso- 
lute displacements  and  velocities  in  the  remainder  by  the  correspond- 
ing quantities  in  the  rigid  motion.    This  gives 

miui*  +  mtui*  +  msus'  +  {mi  +  mO  U4*  —  2  To 

=  2  J  '  i  -migivi  -  Ftvt  -  Fsus  +  {mt'g  +  m4g  +  P)  V4ldt . .  [8] 

Moreover,  if  the  ropes  of  the  hydraulic  machine  in  Fig.  1  are  non- 
extensible,  there  exist  between  the  rigid  displacements  and  velocities 
the  following  relations: 

and  > [9] 

<r|  «  (Tl  1^  ■■  W4  ) 

31  By  means  of  the  above  the  energy  equation  for  the  rigid 
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motion  of  the  machine  can  be  expressed  as  a  function  of  the  rigid 
displacement  and  velocity  of  any  one  of  its  parts,  say  of  the  piston. 
Deriving  from  [9] 

.    m«ui««2v4;    WI  —  V4 
and  substituting  in  [8]  we  obtain 
{4  (mi  +  nh)  +  nh  +  m§  + 1114}  v^  —  2  To 

«  2  J    \P  -  2Fi  -  Fi  -  g  i2nh  -  W  -m4lw4d«.  .[10] 

32  It  will  be  recognized  that  the  expression  between  parentheses 
in  the  Irft-hand  member  of  [10]  repres^its  the  aggr^iate  mass  of  the 
machine  reduced  to  the  piston.  It  is  that  mass  whichy  if  concen- 
trated at  the  piston  and  moving  at  the  rigid  piston  velocity  Vi,  will 
have  the  same  kinetic  energy  as  has  the  machine  in  its  rigid  motion. 
The  expression  between  parentheses  in  the  rig^t-hand  member  of  [10] 
represents  the  force  reduced  to  the  piston.  It  is  that  force  which,  if 
acting  on  the  piston,  would  do  work  at  the  same  rate  as  do  the  actual 
forces  in  the  rigid  motion  of  the  machine. 

33  As  to  the  relative  motion,  we  should,  strictly  speaking,  intro- 
duce new  co5rdinates  such  as  ei,  ^,  €$,  €4,  to  denote  the  displace- 
ments therem.  The  absolute  displacements  81,  a%,  «i  and  84  being 
the  sum  of  the  rigid  and  relative  displacements,  will  then  be  ex- 
pressed by 

8i  =  <ri+.€i;    8i  =  ai  +  ei;    «a  =  <ri  +  6g;    «4  =  (^4  +  €4 

Substituting,  however,  for  81,  st,  sz,  849  in  [3a],  [3b]  and  [3c],  and  em- 
ploying the  relations  [9],  we  find 

e        ^  ""  ^i .     e        es  +  €4  —  €1 ,      e  —  **  ""  ^ 

^1  =  — - — ,    Oi  = ;     oz—  — —- 

ai  a%  az 

and  see  that  Si,  St,  and  Sz  remain  the  same  irrespective  of  their  being 
expressed  in  absolute  or  relative  displacements.  As  in  the  rigid 
motion  the  points  a  and  b,  c  and  d,  e  and  /  (Fig.  1)  are  supposed  to 
be  connected  by  non-extensible  ropes,  there  can  of  course  be  no  elon- 
gations and  therefore  no  stresses  nor  forces  Si,  St,  Sz.  This  is  re- 
flected in  the  above  expressions  for  Si,  St,  Sz  by  the  vanishing  therein 
of  the  rigid  displacements. 

34  Less  evident  is  the  fact  that  the  energy  equation  for  the 
relative  motion  is  the  same  as  [7],  if  we  replace  therein  the  absolute 
by  the  corresponding  relative  velocities  and  displacements.  Proof 
for  this  statement  can  be  given  in  the  same  manner  as  the  demon- 
stration in  handbooks  on  dynamics,  that  the  general  energy  equa- 
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tion  [1]  applies  in  the  same  fonn  to  the  absolute  motion  as  weQ  as 
to  the  motion  of  the  system  relative  to  the  motion  of  its  center  of 
gravity.  Thus  [7]  will  be  at  once  the  energy  equation  for  the  rela- 
tive motion  by  merely  interpreting  the  notations  8i,  Stt  ^i^  <4»  and  ri, 
vi,  vz,  Vi  to  have  reference  thereto,  and  no  separate  system  of  co- 
ordinates is  needed.  Wherever  in  the  following  paragraphs  these  nota- 
tions are  used,  it  will  be  sufficient  to  mention  whether  they  have 
reference  to  the  absolute  or  to  the  relative  motion. 

35  The  reader  no  doubt  will  have  observed  that  the  deductions 
of  this  article  are  true  only  when  the  external  forces  engaging  the 
system  are  independent  of  the  motion  of  the  machine  part  on  which 
they  act.  In  other  words,  the  external  forces  must  either  be  con- 
stant or  explicit  functions  of  the  time. 

4  NORMAL  COORDINATES  AND  CONSTANTS  AND  THEIR 

DETERMINATION 

36  According  to  the  theory  of  normal  coordinates,  each  relative 
displacement  will  be  the  sum  of  a  certain  number  of  normal  displace- 
ments, each  normal  displacement  being  the  product  of  a  normal 
constant  into  a  normal  coordinate.  Thus,  the  relative  displacements 
«i}  9i,  «i,  «4  expressed  in  normal  coordinates  will  appear  in  the  form 

«1  =  Uia0«  +  Uvb4>h  +  Uic*c  +  Uidf^d  + 

«t  =  Ui^a  +  Uu/t>h  +  Uic^c  +  Ui^d  + 

«J  =  U»«0a  +  tW*  +  U|c*c  +  Uwtfd  + 

«l  =  Uu^a  +  U4fc*»  +  Ui^c  +  Uui>d  + 

The  relaiive  displacement  Ba,  for  instance,  is  the  sum  of  the  normal 
displacements  U4c0c,  u^b^,  U4e0«i  etc.,  of  which  there  will  be  as  many 
as  there  are  normal  coordinates;  U4a,  U46,  Uu  being  the  normal  con- 
stants and  0ay  ^1  ^«  the  normal  coordinates.  In  the  hydraulic 
machine.  Fig.  1,  we  have  the  relaiive  displacements  «i,  ai,  9$,  and  8%. 
The  number  of  normal  coordinates,  as  the  calculation  will  automati- 
cally show,  is  three,  and  therefore  each  relative  displacement  wiU  be 
the  sum  of  three  normal  displacements,  whence 


[llal 


37    The  absolute  displacements,  as  already  stated,  are  the  sums  of 
the  rigid  and  relative  displacements.    Thus,  to  obtain  the  ofcirfirf# 
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displacements  we  merely  have  to  add  the  corresponding  rigid  dis- 
placements to  the  right-hand  members  of  Equations  [11a],  whence 


«8  =  Us«0«  +  1*3606  +  tiSc^o  +  O-J 
8i  =  W4a0o  +  1*4606  +  Uie^e  +  (Ta 


[116] 


It  will  be  noted  that  the  notations  here  employed  are  such  that  in  the 
equation  for  any  given  displacement  the  normal  constants  as  well  as 
the  displacement  carry  the  same  numerical  subscript.  Thus,  in  the  ex- 
pression for  the  displacement  Sa,  all  normal  constants  have  the  niuneri- 
cal  subscript  4.  While  apparently  the  calculation  of  the  relative  dis- 
placements according  to  [11a]  or  of  the  absolvie  displacements  ac- 
cording to  [lib],  requires  the  detjermination  of  12  normal  constants 
u  and  three  normal  coordinates  0,  our  labors  wiU  be  considerably 
shortened  by  making  use  of  some  properties  of  normal  coordinates. 

38  One  of  these  properties  is  that  all  normal  constants  having 
the  same  numerical  subscript,  e.g.,  the  normal  constants  Uia,  U46>  Uie,  are 
all  functions  of  one  and  the  same  kind  but  of  different  parameters  pat 
Pb,  Pe-  If,  therefore,  we  succeed  in  determining  the  equation  for  a 
general  normal  constant  U4  as  a  function  of  a  general  parameter  p,  we 
shall  at  once  be  able  to  write  down  the  expressions  for  the  normal  con- 
stants Uiay  U4b,  Uic  by  substituting  pa,  Pb,  Pc  respectively,  for  p.  The 
normal  constants  Uia,  U4b,  Uiey  then,  will  be  the  constants  of  the  general 
type  Ui  but  corresponding  to  the  parameters  pa,  Pbj  Pe,  respectively. 

39  The  same  applies  to  the  other  normal  constants,  and  thus  the 
object  is  to  determine  four  general  normal  constants  Wi,  lij,  W3,  U4,  as  a 
function  of  a  general  parameter  p,  such  that  substitution  therein  of  pa 
for  p  gives  the  normal  constants  Wio,  iha,  Usa,  Uia',  of  pb  for  p,  the  normal 
constants  Wit,  2*26,  Usb,  UAb]  and  of  pc  for  p,  the  normal  constants  Uu, 

Uic)  Usc,  Uw 

40  Suppose  for  the  moment  that  we  have  succeeded  in  deter- 
roining  the  general  normal  constant  W4  as  a  function  of  the  general 
parameter  p,  such  that 

U4=/(p) [12a] 

According  to  the  above,  then 

Uia  =  f  (Pa) ;    U4b  =  f  (pb) ;    Uic  =  f  (j)c) [126] 

Evidently,  to  derive  Equations  [126]  from  [12a]  we  merely  have 
added  the  subscripts  a,  b  and  c,  respectively.     Thus,  the  foregoing  is 
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capable  of  the  following  much  broader  interpretation:  If,  namely,  by 
definition  the  subscripts  a,  b,  c,  added  to  the  general  parameter  p  indi- 
cate the  actual  parameters  of  the  system,  any  quantity  or  any  equa- 
tion between  quantities  referred  to  the  general  parameter  p,  will  at 
once  correspond  to  the  parameters  pa,  Pb,  Pc  by  the  addition  thereto 
of  the  subscripts  a,  6,  c,  respectively. 

41  The  above  also  applies  to  the  normal  codrdinates  4>af  <hi  4>e, 
which  are  functions  of  one  and  the  same  type  of  the  time  but  of 
different  parameters  pa,  Ph,  Pe*  Thus  again  the  object  is  to  derive  the 
equation  for  a  single  general  normal  coordinate  ^  as  a  f imction  of  the 
time  and  of  quantities  referred  to  the  general  parameter  p,  from  which 
the  actual  normal  co5rdinates  of  the  system  may  be  obtained  in  the 
simple  manner  explained  above. 

42  The  reUUive  velocities  of  the  system  are  obtained  by  differen- 
tiation in  respect  to  time  of  the  Equations  [11a].  Since  in  the  right- 
hand  members  thereof  0a,  0b,  0e  are  the  only  functions  of  the  time,  we 
have 


Vi^    Tr  =  Uia 


Vz 


dsi 
dt 

dsi 
di 

dsz 
dt 

dsi 


=  Una 


.4=^=U^ 


dt 

dt 
d^ 
dt 


d^  ,       d<t>c 

+  U,6  -^  +  Uu  -^ 


[13a] 


[186] 


43  The  absoliUe  velocities  are  obtained  by  adding  the  rigid  veloci- 
ties to  the  right-hand  members  of  [13a],  whence 

d^o  ,        dih  ,        d<l>c  , 
d4>a  ,         d4>h  ,         d^e  I 

"»  =  «*• -dr+""dr+"^-¥  +  '^ 

44  To  obtain  the  expressions  for  the  general  normal  constants  Ui, 
ui,  uj,  ui,  and  for  the  general  normal  coordinate  0,  we  apply  another 
property  of  normal  codrdinates,  according  to  which  the  general  energy 
equation  of  the  relative  motion  is  satisfied  when  replacing  therein 
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quantities  referred  to  Cartesian  coordinates  by  the  corresponding 
quantity  pertaining  to  any  one  of  the  normal  coordinates. 

45  Thus,  Equation  [7],  which,  as  we  have  seen,  is  also  the  energy 
equation  for  the  relative  motion  must  be  satisfied  when  replacing 
therein  the  relative  Cartesian  displacemerUs  «i,  Sj,  ss,  «4,  by  the  gen- 
eral normal  displacements  Ui<^,  Ti2<^,  u^^  Ua<I>.    Placing  therefore 

Si  =  Ui0,       ^2  =  W20,       «8  =  lhfl>,      Si  =  U40 [13c] 

from  which  by  differentiation  in  respect  to  time  we  derive 

dd>  d<t>  dd>  ^  r4  A 11 

and  substituting  in  [7],  we  obtain 

luihni  +  ti2^  +  ih?mz  +  Ua^  {mz  +  m^  \  f^j  —  2  To 

_^  S  (U2  -  u,y  ^{uz  +  Ua^  rMtY  ^  (U4  -  ^«)'  j  ^2  _  2  Fo 
\       a\  02  Ot        ) 

=  2  /    {liiP  —  UiF%  —  UzFz  —  ^ (uitni  —  minz'  —  lii^) ( ^^^ 

46  To  integrate  this  equation,  we  first  differentiate  in  respect  to 
time.    The  constants  To  and  Vq  vanish  and  we  have 

cP0  d<t> 


2  \  Ui^mi  +  iiihni  +  1*3^^3  +  Va^  {niz  +  m^  j 


d^  dt 


_L  o  )  (^  ~  Ml)2  (W3  +  U4  -  1^)2     ,      (U4  -  UzY  I    .  d<t> 

Oi  02  az        )     at 

=  2  IU4P  —  2i2^2  —  UzFz  —  g  (wimi  —  W4m3'  —  M4W4)  f  -^ 


. .  [14] 


We  divide  both  members  of  the  above  equation  by  2  d<l>/dt  and  place 

Uihni  +  y^hni  +  ^3^2  +  ^4^  (m3'  +  tha)  =  a [16a] 

(U2  —  UiY         {ih  +  UA-  V^Y    .     (Ui  -  UzY  ^  ^  rjgj^, 

Oi  02  03 

(t^  —  UiY         (Uz  +  Ua'-  UiY         (U4  -Jj^y 
^    _        2    _  Ql 22 Q3  r^g    1 

a  u^nii  +  i^2^2  +  W3^3  +  u^  {niz  +  ^4) 

U4P  —  ti2F2  —  W8^3  —  g  {uim\  —  UAVfiz  —  UAm^  =  Q. .  . .  [16d] 
whence,  by  substitution  in  [14]  we  obtain 

f+^*-! -I"' 

47    The  expressions  for  the  general  normal  constants  as  a  function 
of  the  general  parameter  p  are  determined  from  certain  relations  which 
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exist  amongst  them.  These  relations,  the  writer  found,  can  be  ob- 
tained from  [16c]  by  the  simple  process  of  differentiation.  Writing 
[16c]  in  the  form 

(til  -  UxY  ,    (uz  +  W4  -  uty   .{Ui  —  M»)* 

~  — ;; ' ;; ' ;; — 

ai  Of  at 

the  above  relations  are  found  by  successively  taking  the  partial  de- 
rivatives in  respect  to  Mi,  tij,  M3,  1^4.    This  gives 

p^uimi  =  -  ^-^^^ [17a] 

ai 

2              Ua-Ui      U8  +  W4  — lis  r-,y,| 

p^ujw,  = [176] 

.  th  +  m  —  U2     tii  —  ih  „-, 

p^*.:(w + wio  =  "^ '^  "*  ~  "* + ^^^^^ [i7d] 

48  Instead  of  operating  directly  with  these  equations,  it  is  always 
possible  and  time-saving  to  slightly  modify  some  pf  them.  In  the 
present  case  we  shall  derive  from  them  a  new  set  of  equations  in  the 
manner  indicated  below: 

p^uiTTii  = [18a],  same  as  [17a] 

P'  (u,m,  +  uam,)  =  ^^^^^^  -  ^^^ . .  [186],  by  adding  [176]  and  [17c] 

Gl  dz 

- p*  j usma - Ui (mz  +  mi)  j  =  2 ^""^  [18c], subtracting  [17c] from  [lid] 

az 

V^  W  +  m,)  =  ^"^^^^  +  ^^^^^^ . . .  [18d],  same  as  [17d] 

Oz  Os 

49  Apparently  we  have  here  four  algebraic  equations  between 
the  five  imknowns  Ui,  uj,  uz,  U4,  and  p'.  Dividing,  however,  each  of 
these  equations  by  Ui,  for  instance,  it  will  be  seen  that  in  reality  we 
have  four  equations  between  p'  and  the  proportions  Us/ui,  ut/ui,  U4/U1. 
Since  clearly  it  is  possible  only  to  determine  the  proportions  of  three 
of  the  general  normal  constants  to  a  fourth  one,  we  conclude  that  one 
of  them  is  arbitrary  and  may  be  placed  equal  to  unity.  Placing  in 
Equations  [18]  Ui  =  1  and  rearranging,  we  have 

-=  -pVni  +  ^ [19a] 

ai  ai 

(i-p»m,)u.-(p»m,-^)«,  =  ^^ [196] 


2 

«.  =  -i-S : '-^^ r  •  •  •  [20&] 
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{p*m3 jih  —  jp*  im»  +mi) |u4  =  0 [19c] 

Considering  in  [19a],  [19b]  and  [19c]  the  general  normal  constants  tis, 
ihf  Ua  as  the  unknowns  and  solving,  we  obtain 

-*=YT^, — ^ [20a] 

—  < (mz  +  mz  +  m4)+  phus  (mz  +  mi)  [ 

ail      az         '  ) 

—  p^  {mz  +  ^4)  [  ]  —  {mi  +  mi)  —  phmmi 

-  j  -  Q^  (ma  +  niz  +  mj)  +  phriz  (mz  +  mi)  > 

ti2  =  1  —  aip^i [20c] 

Further,  as  already  mentioned, 

Mi  =  1 I20d] 

50    Substituting  for  ih,  U3,  W4  from  Equations  [20]  in  [19d],  we 
obtain 

TniTThmz  (mz'  +  mi)  p^ 

-\( — I ]mim2 (mz  +  mz  +mi)  H —  mz  (mz'  +  mi)  (mi  +  m^) 

+  —  mimz  (mz  +  m^  [p^  +  \ mi  (4  m2  +  ma  +  ms'  +  m^ 

+  -(—  +  —)  (mi  +  m^)  (mz  +  mz+mi)  -\ mz  (mz+mi)[p^ 

(4  mi  +  4  7712  +  ms  +  mz  +  m^  =0 [21] 

This  is  the  so-called  characteristic  equation  of  the  system  here  under 
consideration.  The  name  is  derived  from  the  fact  that  each  of  the  pos- 
itive roots  of  this  equation  will  be  a  parameter  of  the  system.  In 
the  present  case  [21]  is  of  the  third  degree  in  respect  to  p^.  The  co- 
efficients being  alternately  positive  and  negative  (as  is  always  the 
^^^se),  the  three  roots  p^  will  all  be  positive.  There  consequently  will 
be  three  positive  roots  p,  which  are  designated,  beginning  with  the 
smallest,  by  p^,  p^,  p^,  and  these  are  the  parameters  of  the  system  with 
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which  we  here  are  concerned.  Since  there  is  a  normal  co5rdinate  to 
each  parameter,  the  number  of  positive  roots  of  the  charactmstic 
equation  automatically  indicates  the  number  of  normal  codrdinates. 
As  a  rule  there  will  be  as  many  as  there  are  parts  in  the  machine  con- 
sidered to  be  elastic. 

51  An  examination  of  Equations  [20]  and  [21]  will  show  that  the 
numerical  values  of  the  normal  constants  and  of  the  parameters  of  the 
system  depend  not  only  on  the  inertia  of  the  rigid  parts  and  on  the 
elasticity  of  the  elastic  parts  of  the  machine,  but  also  on  their  position 
in  the  system.  That  is  to  say,  other  values  occur  when,  for  instance, 
exchanging  mi  and  mz  or  ai  and  as. 

52  From  Equations  [18]  another  interesting  equation  may  be 
derived,  which  is  also  useful  as  a  check  on  the  calculation  of  the  nor- 
mal constants.  Adding  [18a],  [186]  and  [18c]  after  first  multipl3ring 
the  two  first  named  by  2,  we  obtain 

2  Mimi  +  2  utTTh  +  UsWs  +  Ua  (mt  +  mi)  =  0 [22a] 

The  interpretation  of  this  equation  becomes  clear  upon  multiplying 
its  members  by  0,  whence 

2  Uimi4>  +  2  uim^  +  tiams^  +  Ui  (mi'  +  mi)  0  =  0 
and  from  which  on  account  of  E^^uations  [13c],  we  derive 

2  mi  Si  +  2  TMj  «i  +  ms  «8  +  (m/  +  m^  «4  =  0 [28b] 

53  In  this  equation  Si,  ^,  Ss,  8i  are  of  course  relative  displacements, 
and  it  expresses  the  fact  that  in  the  relative  motion  of  the  machine 
the  center  of  gravity  is  not  disturbed. 

54  The  next  object  to  engage  our  attention  consists  in  the 
determination  of  the  general  normal  coordinate  <f>.  This  follows  at 
once  by  integrating  [16],  of  which  the  general  solution  is 

*-(s).-F^ +  <*)••»•'- 

H jsinp^  /    Qcosp^d^  —  cosj>^  /    Qsinp^efn  .  .[23] 

This  is  the  general  equation  for  the  general  normal  coordinate  for 
any  machine.  Therein  (d<l>/dt)o  and  (0)o  denote  the  values  of  d^/dt 
and  ^  at  the  time  t  =  0.  These  are  constants  of  the  integration,  the 
former  depending  on  the  initial  velocities  and  the  latter  on  the  initial 
displacements  of  the  machine  parts.    They  are  expressed  as  follows: 
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(*)o «  -  { Willi  («0o  +  wiiUi  (^)o  +  mtu«  («t)o  +  (mi' +  nk)  U4(«i)o  I . .  [246] 

55  In  the  above  it  is  immaterial  whether  («i)oi  (^o,  (^)o9  etc., 
and  (ui)oi  (0^)09  (t^)oy  etc.^  are  absolute  or  relative  displacements  and 
velocities.  In  connection  with  problems  of  engineering  it  is  simpler, 
however,  to  exprtas  (^)o  in  function  of  the  forces  (81)69  (&)oy  (5t)o} 
with  which  at  the  time  i  «  0  the  elastic  Aiachine  members  ^ere  the 
ropes  ab^oi^ef)  react  on  the  rigid  machine  parts  ^diich  th^y  connect. 
According  to  Hie  writer's  investigation  it  was  found  that 

(«)o=^Ku,-tii)(5i)o+(tit+U4-Ui)(&)o+(u4-tit)(S,)o}.4^^ 

56  In  Equations  [81a],  [246]  and  [24c]  the  expressions  between 
parentheses  apply  only  to  the  hydraulic  machine.  Fig.  1.  They  are, 
however,  always  easy  to  write  down  for  any  other  machine.  For, 
having  derived  for  that  machine  the  equations  [ISa],  the  expression 
between  parentheses  of  [24a]  can  be  obtained  therdrom  by  multi- 
plying the  first  term  by  (t'Oo/ui,  the  second  term  by  (t^)o/ui,  the  third 
term  by  (vz)o/ih,  etc.  Similarly,  the  expression  between  parentheses 
of  [2Ac]  can  be  obtained  from  [166]  by  employing  the  first  powers  of 
each  of  its  terms,  after  which  the  first  is  multiplied  by  ai  (SOo,  the 
second  by  Os  (5s)o,  the  third  by  as  (Sz)o,  etc.  The  mathematical  de- 
rivation of  Equations  [24a],  [246]  and  [24c]  is  omitted,  as  it  would 
require  a  more  detailed  exposition  of  the  theory  of  normal  coordinates 
than  for  which  there  is  opportunity  here. 

57  Returning  to  Equation  [23],  it  will  be  seen  that  the  determina- 
tion of  <t>  depends  on  our  ability  to  solve  two  definite  integrals,  which 
in  turn  requires  the  knowledge  of  the  quantity  Q  as  a  function  of  the 
time.  Q,  however  (see  [15d]),  is  a  function  of  the  external  forces 
acting  on  the  machine,  of  which  in  general  all  except  the  motive 
force  P  are  constant  or  practically  so.  Thus  it  is  clear  that  we  can- 
not determine  ^  unless  that  we  know  the  motive  force  as  a  f imction 
of  the  time. 

58  This,  however,  is  only  possible  with  existing  machines,  where 
a  graph  showing  for  each  instant  the  corresponding  value  of  the 
motive  force  may  be  obtained  experimentally.  Evidently  such  a 
graph  is  all  that  is  required.  For,  from  this  we  can  derive  a  graph 
of  Q  relative  to  time,  with  which  in  turn  we  can  lay  out  two  curves 
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with  times  as  abscisssB  and  the  corresponding  values  of  Qmnpt  and 
Q  cos  p^,  respectively,  as  ordinates.  The  definite  integrals  /   Qanpidt 

and  /  Qcosp^d^  in  [23]  then  represent  areas  of  the  above  curves 

comprised  between  the  ordinates  for  t  =  t  and  t  =  0,  which  can  be 
obtained  by  use  of  a  planimeter.  Thus  in  existing  machines  it  is 
possible  accurately  to  determine  the  normal  codrdinates  of  the  sys- 
tem and  to  derive  from  them  accurately  the  values  of  the  internal 
forces  Si,  St,  and  Sz, 

59  In  the  majority  of  cases  the  problem  concerns  machines  yet 
to  be  built,  and  while  it  becomes  necessary  to  resort  to  approxima- 
tion methods,  they  can  be  made  as  close  as  the  calculator  desires. 
The  method  here  referred  to  will  be  explained  in  detail  in  Part  5. 
It  is  at  present  sufficient  to  remark  that  we  always  can  select  time 
intervals  so  small  that  no  material  error  will  be  made  by  aaauming  the 
motive  force  to  be  constant  during  such  periods.  Thus  we  are  only 
interested  in  deriving  the  expression  for  the  general  normal  codrdinate 
for  a  constant  motive  force.  Referring  to  [Ud],  it  will  be  seen  that 
with  P  constant,  Q  also  becomes  a  constant,  whence  by  executing 
the  integrations  in  [23]  the  result  can  be  written  in  the  following 
form: 

60  In  our  future  calculations  we  shall  also  have  need  of  the 
expression  for  d<l>/dt,  which  may  be  obtained  by  differentiating  [8Ba] 
in  respect  to  time,  whence: 

To  derive  from  [26a]  and  [266]  the  expressions  for  the  normal  codrdi- 
nate 0a  and  its  derivative  d4>a/dt,  we  shall  merely  have  to  attach  the 
subscript  a  to  all  quantities  corresponding  to  the  general  parame- 
ter p.  These,  according  to  [16a],  [16b],  [24a]  and  [24c]  are  the  quan- 
tities a,  Qy  (d4f>/dt)o  and  (0)o.    Hence  we  have 
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wherein,  by  application  of  the  same  process  to  [16a],  [166],  [21a]  and 
[24c], 

Oa  =  Mia^i  +  Mja^  +  Ui^Z  +  U4a*  (Ws'  +  M^ [26c] 

+  (ms'  +  mO  ii4«  (vOo} [2fte] 

OoPo 

+  (W4.  -  Usa)  (S,)o} [26/] 

61    In  the  same  manner  we  find  for  the  normal  coordinate  ^ 
and  its  derivative  d4n»/di\ 

*'-M^+(t).™'^+  |(*.).P.-^jc<»»,]..|OT«l 

*-(t)^c«^- §(*.).„- ^j.i«^ ™ 

0*  =  Ui5^1  +  U^rOi  +  t«86*W8  +  ti46*  (wii'  +  Wli) [27c] 

Qb  =  ti^ftP  —  UaJPi  —  UikFs  —  g  JMiftmi  —  U4b  (ms'  +  m*) { . .  [27d] 


(' 


-^\  =■  —  }miUifti(t;i)o  +  mjtitt  (t;i)o  +  msWab  (»«)o 


+  (m/  +7714)  W45(t;4)oJ [27e] 

(^)o  =  ~:ri  <  (^^  -  ^1*)  ('Si)o  +  (t^  +  W46  -  tiaft)  (/S2)o 

+  (U4ft  -  W36)  (>S3)o| [27/] 

62  Similarly  we  can  derive  the  expressions  for  the  normal  co- 
ordinate ^e.  The  same  is,  however,  exceedingly  small  and  may  be 
neglected.  As  a  matter  of  fact,  in  all  calculations  of  the  kind  with 
which  we  here  are  concerned  it  is  more  than  sufficient  for  practical 
purposes  to  operate  with  the  two  normal  coordinates  only,  corre- 
sponding to  the  two  lower  roots  of  the  characteristic  equation  [21], 

63  An  inspection  of  [26a]  and  [27a]  will  show  that  the  angular 
fimctions  therein  indicate  that  we  have  to  deal  with  vibrations  of 
different  frequencies.  In  the  present  case  (see  [11a])  a  relative 
displacement  will  be  the  sum  of  the  products  of  three  normal  co- 
ordinates into  a  constant.  Thus  each  relative  displacement  will  be 
the  superposition  of  three  vibrations  with  frequencies  corresponding 
to  the  three  parameters  of  the  system  po,  Vh  Pc  Denoting  the  fre- 
quencies by  /fl,  fb,  fc)  in  cycles  per  second,  we  evidently  have 

•'"      27r'    ^'      27r'    ^' '  2ir 
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The  neglecting  of  the  coordinate  <t>e  is  equivalent  to  the  omission  of 
the  vibrations  corresponding  to  the  parameter  pe,  i.e.,  the  vibration 
of  the  highest  frequency.  This  is  justified,  not  only  because  of  the 
very  small  numerical  value  of  <t>e,  but  also  on  account  of  the  fact  that 
vibrations  of  high  frequency  very  soon  vanish  by  damping. 

5    NUMERICAL  EXAMPLE 

64  The  data  for  the  hydraulic  machine,  Fig.  1,  are  as  follows: 

rriig    =  weight  of  load  A  =»  58,000  lb. 

mi     =  mass  of  load  A  -  58,000/32.16  -  1,800 

mt     *■  mass  of  sheave  B  reduced  to  radius  Ot&  »  170 

mtg  —  weight  of  sheave  C  =  5,400  lb. 

mi'    —  mass  of  sheave  C  «■  168 

ms     a  mass  of  sheave  C  reduced  to  radius  0^  »  80 

Tn4g    »  weight  of  piston  plus  piston  rod  >■  9,075  lb. 

roi     "■  mass  of  piston  and  piston  rod  »  282 

At  the  time  t  =  0,  the  free  length  of  each  of  the  ropes  a6,  od,  and  rf  was  67  f t . , 

0  in.,  each  consisting  of  four  If-ii^.  single  steel  ropes,  whence 
Oi  a  Ot  »  Os  »  elongation  for  a  load  of  1  lb.  »  1/300,000  ft. 
Ft      »  friction  of  sheave  B  measured  at  radius  OJ)  »  3,000  lb. 
Fa      »  friction  of  sheave  C  measured  at  radius  0^  »  3,300  lb. 
The  frictions — as  already  agreed  upon  —  will  be  considered  constant  for  the 

entire  duration  of  the  start  and  acting  in  the  direction  shown  in  Fig.  1, 

whence 
{Si)o  »  force  at  time  t  »-  0  with  which  rope  ab  reacts  on  load  A  and  sheave 

B  -  58,000  lb. 
(St)o  ™  force  at  time  t  **  0  with  which  rope  cd  reacts  on  sheaves  B  and  C  « 

68,000  +  F,  -  61,000  lb. 
(jSs)o  »  force  at  time  t  =  0  with  which  rope  ef  reacts  on  sheave  C  and  the 
hitch  at  /  -  61,000  +  F,  -  64,300  lb. 

65  All  calculations  will  be  made  by  slide  rule.    Substituting  for 
mi,  ms,  .    .    . ,  aiy  Oa,  as,  in  the  characteristic  equation  [21],  we  obtain : 

p«  -  1.255  X  10*p*  +  3.52  X  lOV  -  2.064  X  W^  =  0 

This  equation  is  solved  for  p*  by  one  of  the  known  methods  for  the 
solution  of  cubic  equations  or  by  trial,  whence  the  three  roots  will  be 

Pa' =  800;    p6»  =  2,920;    pc*  =  8,830 

As  the  parameters  pat  Pb,  Pe  are  the  positive  roots  of  the  above,  we 
have 

Pa  =  28.28;    P6  =  54;    pc  =  94 

Substituting  for  ai,  o^,  as,  mi,  mt,  etc.,  in  Equations  [20],  we  obtain 
for  the  general  normal  constants: 

^  (6  X  W  -  80  p')  (5.91  X  10*  -  3.06  X  lO'p')         ^^o^, 
^  3X  10*(-1.59X  10»  +  3.6X  10*p*)    .         ••l^*^J 
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=  (6  X  10^  -  450  p^)  (5.91  X  10«  -  3.06  X  10^  p»)        .^ftfcl 
^  3X  10* (-1.59  X  108  +  3.6x"l0^p2)  ...l^w>J 

M2  =  1  -  6  X  10-3  p2 [28c] 

ui  =  1 [28d] 

66  The  normal  constants  Uia,  that  ^^>  '^la,  corresponding  to  the 
parameter  pa  —  as  abeady  previously  explained  —  are  derived  from 
the  above  in  the  manner  indicated  below: 


ma  from  [28a] 
U3a  from  [286] 
ti2a  from  [28c] 
Uia  from  [28d] 

and  similarly, 

U4b  from  [28a] 
ihb  from  [286] 
ihb  from  [28c] 
u\b  from  [28c2] 


by  substituting 
Pa  =  28.28  for  p,  whence 


by  substituting 
P6  =  54  for  p,  whence 


Uia  =  -4.83 
Uza  =  -2.12 
U2a  =  -3.8 

Uia  =   +1 


v^  =  +6.85 

U36  =  - 13.33 

U26  =  - 16.52 

Mi6  =  +1 


Owing  to  the  neglecting  of  the  coordinate  <l>c,  the  calculation  of  the 
nonxial  constants  Uu,  Wjc,  Wsc,  ike,  will  not  be  required. 

67  For  a  check  on  the  above  calculations  we  employ  [22a]. 
This  equation  corresponds  in  the  same  form  to  the  normal  constants 
corresponding  to  the  parameters  pa  and  pb,  and  according  to  the  fore- 
going we  will  have 

2  UiaTTli  +  2  UiaTTh  +  V^mz  +  Uia  {mz    +  7^4)    =  0 

2  Uvbfni  +  2  t^mj  +  UatWa  +  U46  (ma'  +  m^  =  0 

68  With  the  numerical  values  of  the  several  normal  constants 
known,  we  derive  from  [26c],  [26d],  [27c]  and  [27d] : 


aa  =  +15,100 

Qa=  -4.83P-  109,400 


[30a]; 


ab  =  +83,500 

Qb=  +6.85  P  + 133,200 


.  [306] 


We  are  now  ready  to  determine  the  normal  coordinates  <t>a  and  <t>b, 
and  shall  make  use  thereby  of  the  so-called  motor  characteristics. 
In  order  not  to  confine  ourselves  to  the  hydraulic  machine.  Fig.  1, 
we  shall  in  general  define  the  motor  to  be  that  machine  part  which 
is  the  seat  of  the  motive  force,  irrespective  of  whether  the  latter  is 
due  to  hydraulic,  electric  or  steam  pressure.  As  is  known,  the  force 
or  torque  exerted  by  these  motors  varies  with  the  motor  speed, 
although  the  manner  in  which  these  variations  take  place  is  generally 
too  complex  to  be  adequately  expressed  in  a  mathematical  formula. 
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Fortunately  the  latter  is  not  necessary  for  our  purposes,  sinoe  it  is 
always  possible  from  test  data  to  derive  a  graph  showing  the  variation 
of  the  motive  force  with  the  motor  speed.  In  particular,  with  some 
types  of  electric  motors  such  a  graph  is  easily  obtainable  from  shop 
tests  with  the  motor  alone. 

69  In  the  present  case  the  motor  characteristics  will  be  the  per- 
formance of  the  piston  alone  when  operating  in  the  cylinder  under  the 
given  conditions  as  to  size  of  piping,  operating  valve,  and  water- 
pressure  deUvered  by  the  pumps.  It  is  represented  in  Fig.  2  and 
shows  the  net  force  P  which  the  piston  rod  is  capable  of  exerting  at 
various  piston  speeds.  In  the  complete  machine  the  graph  Fig.  2 
will  of  course  represent  the  relation  between  the  abaolute  piston  speed 
and  the  motive  force  P. 

70  Obviously  we  can  always  divide  the  starting  period  in  inter- 
vals of  so  small  duration  that  during  such  intervals  the  motive  force 
may  be  considered  to  be  constant,  without  committing  an  appre- 
ciable error. 

71  In  explanation  of  the  process  now  to  be  followed,  our  main 
object  of  course  is  the  determination  of  £>i,  St,  St,  which,  according  to 
[3a],  [36]  and  [3c],  requires  the  knowledge  of  the  relative  displacements 
8i,  9t,  8t,  8i.  As  has  been  shown  in  Part  3,  relative  and  absolute  dis- 
placements are  interchangeable  in  the  above-mentioned  equations. 
The  relative  displacements  are  expressed  Jt)y  [11a],  and  equating 
therein  0e  to  zero, we  obtain 

«t  =  Uta4>a  +  U»^ 
«l  =  tl««*«  +  Utt^ft 
«4  =   U4a0a  +  lLib<h 

Since  we  already  know  the  numerical  values  of  the  various  normal  con- 
stants in  the  above,  our  immediate  requirements  consist  in  the  deter- 
mination of  the  normal  codrdinates  4>a  and  ^,  which  requires  the 
knowledge  of  the  magnitude  of  the  motive  force  for  each  individual 
time  interval  in  which  the  start  is  to  be  subdivided.  Evidently  for 
this  purpose  we  have  to  determine  the  absoliUe  piston  speed  Va  at  the 
beginning  of  each  time  interval,  whence  the  corresponding  motive 
force  can  at  once  be  ascertained  from  the  motor  characteristics. 
Fig.  2.  According  to  the  fourth  of  Ekiuations  [136],  equating  therein 
d^^/dt  s  0,  the  former  is  expressed  by 

„,~u^^  +  u^^  +  „, [32] 


[81] 


F.   HYHANS 


179 


and  requires  the  determination  of  the  values  of  d^a/dt,  dttn^/dt^  and  of 
the  rigid  piston  speed  v\.  In  order  to  obtain  the  latter,  we  differenti- 
ate [10]  in  respect  to  time,  whence 

A^  ^  P-2Ft-Fi-Q  (2  mi  -m'  -m^  ^  P-  111,000 
dt  4t{mi  +  mt)  +  frh  +  mg+mA  8,400 

Int^rating,  we  have,  since  P  is  constant  for  each  individual  time  in- 
terval, 

T  -  111,000\ 


Vi  =  (vOo  +  f - 


8,400 


t 


[33] 
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Fig.  2    Motor  Chabactebistigb  (MonvB  Force  and  Piston  Velocity) 

wherein  (u4)ois  the  initial  rigid  piston  speed.    Applying  now  the  fore- 
going, the  manner  of  procedure  will  be  as  follows: 

72  First  Time  Interval.  The  initial  conditions  are  as  follows: 
The  initial  velocities  (t;i)o,  (1^2)0,  (1^3)0,  (^4)0  are  zero,  since  the  machine 
starts  from  rest,  whence  we  find  from  [26e]  and  [27e] 

The  initial  tensions  (see  data  under  Par.  64)  in  the  ropes  ab,  cd  and 


m  =  0 
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ef  are:   (Si)o  =  58,000;  (/Si)©  =  61,000;   (Ss)©  =  64,300;  whence,  by 

[26/]  and  [27/], 

(««)o  =  -0.0533    and    (<fe)o  =  +0.00367 

These  are  the  values  of  the  normal  eo5rdinates  0a  and  ^  at  the  time 
t^Q.  In  Figs.  1, 3  and  4  they  are  laid  off  as  ordinates  against  times 
as  abscissse. 

73  In  addition  we  obtain  for  zero  piston  speed  from  Fig.  2,  P  ^ 
163,000  lb.,  which  will  be  constant  for  the  duration  of  this  time  inter- 
val.   Applying  further  [30a]  and  [30&],  we  have 


Qa  =  -8.97  X  10*,    whence 
Qfc  =  +1.249  X  10«,    whence 


Qc 


ctbVh 


-  -2.1 


=  +0.23. 
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FiQ.  3    NoRBiAL  Coordinate  ^ 

74    Finally,  applying  [26a],  [266],  [27a]  and  [276],  we  obtain 
-2.1  +  (-  0.0533  X  28.28  +  2.1)  cos  28.28  i 


dt  " 


d^ 
di 


28.28 
=  -  (-  0.0533  X  28.28  +  2.1)  sin  28.28 1 

+0.23  +  (+0.00367  X  54  -  0.23)  cos  54  ( 

54 

=  -  (+  0.00367  X  54  -  0.23)  sin  54  L 


75    Taking  the  duration  of  the  first  time  interval  at  <  =  0.005 
seconds,  we  have 


28.28  i  » [28.28  X  ^0.005  radian 


28.28  X  0.005  X  180' 


o  *»/ 


-s^e 


54f-  M  X  0.005  radian  =  ^  ><-P-^5->^^^-°  =  15»30', 
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ain28.28^»  0.141;    cos  28.28  <»  0.90 
ffln54(  «  0.267;  cos54<  -  0.964 

Substituting  in  the  above,  we  obtain  for  the  end  of  the  first  time  in- 
terval: 

«.  =  -0.0536;  ^  =  -0.0885;  ^  »  0.00372;    ^  -  0.021 

For  P  »  163,000,  (v)o  »  0  and  ^  »  0.005,  we  obtain  from  [38]  for 
the  rigid  piston  speed  at  the  end  of  the  first  time  interval:  V4  »  0.031 
ft.  per  sec.,  whence  by  [82]  the  absolute  piston  speed  will  be 

V4.  »  4.83  X  0.0835  +  6.85  X  0.021  +  0.031  »  0.578  ft.  per  sec. 
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The  values  of  4>aj  <ln»  and  Va  at  the  end  of  the  first  time  interval  are 
laid  off  in  Figs.  3,  4  and  9,  respectively. 

76  Second  Time  IrUerval.  Evidently  the  values  of  4>a,  cUh/dt, 
<t>b,  d<l>b/dt,  Vij  and  va  at  the  end  of  the  first  time  interval  are  the 
initial  values  for  the  second.    Thus  the  initial  conditions  are 

(*«)o  =  -0.0535;  (^)  =  -0.0835;  i<h)o  =  0.00372;  (^\  =  0.021 

(u4)o  =  0.031.     {va)o  =  0.578. 

The  motive  force  corresponding  to  an  absoltUe  piston  speed  Vi  = 
0.578  ft.  per  sec,  according  to  Fig.  2,  is  P  =  155,200  lb.,  which  will  be 
assiuned  to  be  constant  for  the  duration  of  the  second  time  inter- 
val.   Applying  [30a]  and  [306],  we  have 


Qa  =  -8.58  X  10«,    whence 
Ok  -  1.196  X  10«,      whence 


Q. 


OLaVa 
ObPb 


=  -2.01 


=  0.257 
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77    Now  employing  [26a],  [26b],  [27a]  and  [27bl,  we  have 

^  -2.01-0.08358in28.28<+  (-0.0535x28.28+2.01) cos 28.28{ 
*"  28.28 

^  =  -0.0835  cos 28.28 <  -  (-  0.0535  X  28.28  +  2.01)  sin 28.28 1 

+0.257  +  0.021  sin  54 1  +  (0.00367  X  54  -  0.267)  cos  54 1 


54 
^  =  0.021  cos 54«  -  (0.00367  X  54  -  0.257) sin 54« 

In  addition  for  P  =  155,200,  (u4)o  =  0.031,  we  obtain  from  [33] 

V4  =  0.031  +  5.26 1 

78  Taking  the  duration  of  the  second  time  interval  again  equal 
to  0.005  sec,  we  derive  from  the  above  by  the  substitution  of  (  = 
0.005,  for  the  values  of  the  various  quantities  at  the  end  of  this  period : 

4>a  =  -0.0541;     ^  =  -0.1533;    0^  =  0.00382;     ^  =  0.0352 

1/4  =  0.05736 
whence  by  [32] 

V4  =  4.83  X  0.0541  +  6.85  X  0.0352  +  0.05736  =  1.034  ft.  per  sec. 

The  values  of  4>a,  0b>  and  Vi  at  the  end  of  the  present  time  interval  are 
laid  off  in  Figs.  3,  4  and  9,  respectively. 

79  Third  Time  Interval.  The  values  of  <^a,  d*./d<,  **,  d*»/(tt,  Vi, 
and  Va  at  the  end  of  the  preceding  period  are  the  initial  values  for  the 
present  time  interval.    Thus  we  have 

(«a)o  =  - 0.0541;  (^\  =  -0.1533;  («b)o  =  0.00383;  (^)- 0.0352 

(u4)o  =  0.05736;    (^4)0  =  1.034 

80  According  to  Fig.  2,  the  motive  force  corresponding  to  an 
absolute  piston  speed  of  1.034  ft.  per  sec.  is  P  =  138,000  lb.,  whence 
from  [SOa]  and  [30b]  we  derive 

0.  -  -7.76  X  10»;    whence     ^-  =  -1.815 

aaP* 

Ok  -  1.043  X  W;      whence    -^  =  0.2384 

OhPb 
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81  The  substitution  of  the  values  of  (0a)o,  (d<l>a/dt)o,  Qa/ooPat  {4>b)ot 
{d4kb/di)o,  Qb/obPb  in  [26a],  [266],  [27a]  and  [276]  results  in  the  required 
equations  for  the  third  time  interval.  Continuing  in  this  manner  we 
can  calculate  the  values  of  the  normal  coordinates  ^a  and  (h  with  a 
d^;ree  of  accuracy  which  can  be  adjusted  to  all  needs  by  the  proper 
selection  of  the  durations  of  the  time  intervals.  The  criterion,  of 
course,  is  that  the  motive  force  for  one  time  interval  and  the  next 
must  not  show  too  great  differences.  In  the  present  example, 
wherever  necessary  the  duration  of  the  time  intervals  has  been  taken 
at  0.005  sec,  otherwise  at  0.01  sec.  Having  derived  the  values  of 
<l>a  and  ^,  the  relative  displacements  are  calculated  therefrom  by 
means  of  [31].  Finally,  the  rope  tensions  are  obtained  by  the  appUca- 
tion  of  [3a],  [36]  and  [3c]. 
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Fig.  5    Relahvb  Displacements  of  Load  A 


6    CONCLUSIONS 

82  The  results  of  the  above  calculations  are  shown  by  graphs 
in  Figs.  3  to  12.  Owing  to  the  wide  variations  in  the  magnitudes  of 
the  various  quantities,  they  are  mostly  drawn  to  different  scales, 
which  should  be  taken  into  consideration  when  making  comparisons 
between  them.  It  will  be  observed  that  while  all  curves  indicate 
vibrations  at  the  start  of  the  machine,  they  are,  for  reasons  to  be 
explained  below,  not  as  pronounced  as  might  have  been  expected. 
Figs.  5,  6,  7,  and  8  are  the  graphs  of  the  relative  displacements  of  the 
machine  parts  which  are  due  to  the  elasticity  of  the  system.  In  a 
rigid  system  there  are  of  course  no  relative  displacements  nor  relative 
velocities.  Also,  when  the  machine  parts  rim  at  constant  speed,  the 
relative  displacements  will  be  constant  and  the  relative  velocities 
zero.  These  graphs  are  therefore  a  measure  of  the  error  which  we 
commit  when  basing  the  calculations  on  the  state  of  equiUbrium,  or 
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when  dealing  with  machines  as  if  they  consisted  of  perfectly  rigid 

parts. 

83    The  effect  of  the  elasticity  of  the  system  is  still  more  evident 
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Sheave  C 

from  Fig.  9,  in  which  curve  No.  1  is  a  graph  of  the  absolute  piston 
speed  relative  to  time,  and  curve  No.  2  the  absolute  velocity  of  the 
load  A,  Both  curves  are  drawn  to  the  same  scale,  and  are  calculated 
by  application  of  the  fourth  and  f^rst  of  Equations  [136],  when  equating 


F.   HTMANS 


185 


therein  d^c/dt  to  zero.  In  the  starting  of  a  system  of  rigid  parts  the 
motion  of  any  one  part  bears  at  all  times  a  fixed  ratio  to  that  of  the 
other  parts.  In  an  elastic  system  the  conditions  are  different.  In 
the  present  case,  for  example,  the  piston  masses  are  small  as  compared 
with  the  load  and  are  further  connected  to  the  system  by  compara- 
tively very  elastic  memb.ers.  It  must  therefore  be  expected  that  the 
appUcation  of  the  motive  force  at  the  start  will  violently  disturb  the 
equihbrium  of  the  piston,  while  its  effect  on  the  heavy  load  will  be 
considerably  less  severe.  This  is  plainly  shown  in  Fig.  9,  wherein 
the  absolute  piston  speed  rises  quickly  from  zero  to  1.35  ft.  per  sec. 
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Fig.  8    Relative  Piston  Displacements 


within  about  0.02  sec,  whereas  the  absolute  velocity  of  the  load  even 
after  a  lapse  of  0.05  sec.  amounts  to  only  0.03  ft.  per  sec.  It  will 
further  be  seen  that  there  is  at  the  start  no  vestige  of  the  2  :  1  ratio 
between  the  velocities  of  load  and  piston,  as  would  be  the  case  in  a 
machine  of  perfectly  rigid  parts.  At  t  =  0.05  sec,  for  instance,  the 
ratio  is  1  :  35;  at  t  =  0.117  sec.  the  ratio  is  1  :  1;  at  <  =  0.3  sec.  the 
ratio  is  approximately  3:1. 

84  That  in  the  present  case  the  violent  rise  of  the  piston  velocity 
at  the  start  nevertheless  does  not  lead  to  excessive  stresses  in  the 
ropes,  is  due  to  the  nature  of  the  motive  force.  It  will  be  seen  that 
the  motor  characteristics,  Fig.  2,  are  such  that  a  quick  rise  in  the 
piston  speed  is  at  once  accompanied  by  a  very  rapid  drop  in  the 
motive  force,  and  vice  versa.    For  this  reason  large  variations  in  the 
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absolute  piston  speed  cannot  persist,  as  is  borne  out  by  the  smoother 
course  of  curve  No.  1,  Fig.  9,  after  its  first  violent  rise.  Thus  the 
phenomena  at  the  starting  or  stopping  of  machines  depend  not  only  on 
the  inertia  and  elasticity  of  the  various  parts  and  on  the  magnitude 
of  the  motive  force,  but  also  to  a  very  large  extent  on  the  tatter's  nature. 
In  the  hydrauUc  machine,  for  example,  the  drop  in  the  motive  force 
is  approximately  proportional  to  the  square  of  the  piston  speed. 
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Fig.  9    Curve  No.  1:  Absolute  Velocity  of  Piston.    Curve 
No.  2:   Absolute  Velocity  op  Load  A 
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Evidently  the  results  would  have  been  much  more  severe  had  the 
drop  been  directly  proportional  to  the  piston  speed.  Other  factors 
of  importance  are  the  distribution  of  the  inertia  and  elasticity  throng- 
out  the  system.  Small  motor  masses  and  a  heavy  load  create,  as  we 
have  seen,  unfavorable  conditions,  which  may,  however,  be  relieved 
by  connecting  the  motor  to  the  remainder  of  the  system  by  very 
elastic  members. 

85    Since  the  motor  characteristics  in  the  present  case  are  such 
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that  rapid  variations  in  the  absolute  piston  speed  cannot  persist,  it 
is  of  course  clear  that  the  vibrations  at  starting,  although  present, 
cannot  be  very  pronounced.  It  follows  that  the  tendency  of  the 
present  motive  force  to  suppress  vibrations  will  be  much  more  effec- 
tive with  the  normal  coordinate  <l>a,  which  is  of  preponderating  in- 
fluence. This,  indeed,  is  reflected  in  the  graphs  of  the  normal  coordi- 
nates 0a  and  4>k,  Figs.  3  and  4,  from  which  it  will  be  seen  that  Fig.  4 
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plainly  has  the  nature  of  a  vibration,  while  Uttle  of  a  vibration  is 
noticeable  in  the  graph  of  <t>a  (Fig.  3).  Attention  is  called  to  the  fact 
that  the  ordinates  of  Fig.  3  are  drawn  to  a  scale  ten  times  as  large 
as  that  of  Fig.  4. 

86  The  tensions  Si,  Sa,  Sz  in  the  ropes  a6,  cd  and  ef  as  they  vary 
with  time  are  shown  in  Figs.  10,  11  and  12.  In  the  state  of  equi- 
librium Si  =  58,000  lb.,  Sa  =  61,000  lb.,  and  S3  =  64,300  lb.  During 
the  start,  however,  we  find  that  Si  max.  =  83,700  lb.,  Sa  max.  =  85,000  lb., 
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and  Sz  max.  =  93,000  lb.,  exceeding  the  forces  existing  in  the  state  of 
equiUbrium  by  44.2  per  cent,  40.5  per  cent  and  45  per  cent,  respec- 
tively. 

87  Knowing  the  maximum  forces  in  the  ropes,  the  calculation  of 
axles,  supports  for  sheaves,  etc.,  may  proceed  by  the  ordinary 
methods  of  the  theory  of  elasticity.  It  will  be  seen  that  the  maxima 
of  the  forces  Si,  St,  Sz  are  not  very  considerably  in  excess  of  their 
values  in  the  state  of  equiUbrium.  This  is  due  to  the  nature  of  the 
motive  force,  which,  as  already  explained,  has  the  tendency  to 
suppress  vibrations. 

88  Whatever  the  excess  may  be,  it  is  clear  that  it  can  never  be 
guessed  at,  but  is  obtainable  only  at  the  expense  of  painstaking 
calculations.  Particularly  in  the  case  of  heavy  machines  a  high 
degree  of  accuracy  is  required  since  commercial  considerations  neces- 
sitate the  allowance  of  high  unit  stresses.  The  method  developed 
by  the  writer  has  the  advantage  that  it  has  for  its  starting  point  the 
general  energy  equation,  from  which,  as  shown,  all  of  the  required 
formulie  are  derived.  The  general  energy  equation  of  a  machine  is 
seldom  difficult  to  obtain,  and  its  derivation  has  here  been  explained 
in  sufficient  detail  for  ready  application  to  other  cases. 


DISCUSSION 

S.  E.  Slocum^  (written).  The  author's  method  for  including 
the  work  of  deformation  in  the  energy  equation  for  machines  when 
starting  or  stopping,  offers  very  interesting  possibilities.  The  work 
of  deformation  has  proved  a  very  useful  concept  in  various  other 
lines,  such,  for  example,  as  in  analyzing  statically  indeterminate 
structures  by  the  method  of  least  work,  and  this  new  application 
will  apparently  afford  a  considerable  refinement  in  the  calculation 
of  stresses  in  machine  parts. 

In  the  application  of  his  method  to  the  hydraulic  machine  used 
as  an  example,  the  author  reduces  all  angular  motion  to  equivalent 
linear  motion.  It  would  certainly  simplify  the  solution  consider- 
ably to  express  the  kinetic  energy  of  rotation  in  the  standard  form 
i  lur,  where  /  denotes  the  moment  of  inertia  of  the  rotating  part 
and  o)  is  its  angular  velocity,  as  the  relation  t;  "=  ra;  is  alwajrs  avail- 
able for  coordinating  these  velocities.  The  use  of  the  ordinary 
expressions  for  angular  motion  would  do  away  with  such  artificial 

^  Profeesor  of  Applied  Mechanics,  University  of  Cincinnati. 
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concepts  as  the  ''aggregate  mass  of  the  machine  reduced  to  the 
piston." 

The  use  of  the  unfamiliar  normal  coordinates  serves  to  show  the 
generalily  of  the  method,  but  complicates  the  solution.  In  the 
case  of  a  simple  machine  like  the  one  chosen  for  iUustration,  it  would 
seem  that  the  solution  could  be  obtained  directly  in  terms  of  the 
given  quantities,  with  the  advantage  of  keeping  ibe  physical  mean- 
ing of  the  process  constantly  in  view.  This  is  not  int^ided  as  a 
criticism  of  the  method  used;  but  in  presenting  a  new  idea  it  is  for 
the  most  part  desirable  to  put  it  in  as  simple  a  form  as  possible  in 
order  to  make  it  more  generally  available. 

It  is  interesting  to  note  that  the  author  finds  that  the  maximum 
tensions  in  the  ropes  do  not  greatly  exceed  those  for  a  state  of  equi- 
librium. The  effect  of  the  elasticity  of  the  system,  in  fact,  serves 
to  idieve  the  strain  due  to  the  shock  of  a  sudden. start  or  stop.  A 
rope,  however,  is  a  poor  form  of  member  in  which  to  store  up  poten- 
tial oiergy.  A  more  instructive  case  would  be  the  Hotchkiss  type 
of  drive  recently  introduced  for  automobiles;  in  this  no  torque 
tube  or  radius  rods  are  used,  but  the  rear  springs  take  both  the 
torsional  strain  on  the  axle  and  also  drive  the  car.  The  effect  is 
to  relieve  the  sudden  jerk  in  starting,  which  occurs  in  a  madiine 
driving  through  a  rigid  torque  tube  and  yoke  attached  to  the  frame. 
The  flexibility  of  the  Hotchkiss  drive,  however,  has  certain  draw- 
backs as  it  keeps  the  brake  rods  in  constant  vibration  —  to  such 
an  extent  as  to  make  it  difficult  to  keep  the  foot  on  the  brake. 

The  same  objection  to  flexibility  would  apply  of  course  to  ma- 
chine tools,  which  are  in  general  designed  for  rigidity  rather  than 
strength.  In  all  such  machines  the  work  of  deformation  would  be 
likely  to  be  small  in  comparison  with  the  inertia  effects.  In  fact,  in 
most  machines  the  inertia  of  the  moving  parts  when  starting  or 
stoppmg  is  the  most  effective  cushion  to  shock.  Just  what  propor- 
tion this  bears  to  the  work  of  elastic  deformation  can  now  be  deter- 
niined  by  the  author's  valuable  method,  and  possibly  in  some  cases 
the  results  may  lead  to  modifications  in  design. 
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A  ecareftd  study  of  the  diffcuUieB  experienced  with  the  types  of  thrust  bearings 
used  in  supporting  the  heavy  loads  of  water  wheels  and  the  electric  generators  driven 
by  them,  led  the  author  to  design  the  flexible  hearing  described  in  the  paper. 

This  hearing  consists  of  a  runner  of  a  special  grade  of  cast  iron  resting  on  a  thin 
steel  ring  with  a  habbitted  surface.  The  habbitted  stationary  ring,  in  tum^  rests  on  a 
large  number  of  short  hdieal  springs  (ordinarily  wound  of  \An,  wire,  2  in,  in  diam' 
eUr  and  1}  in.  long)  and  is  hdd  against  rotation  by  dowd  pins.  A  saw  cui  through 
one  side  does  away  with  any  tendency  to  dish  urith  a  change  in  temperature.  This 
eonsbrucHon  prevents  the  possibility  of  undiM  pressure  at  any  paint  and  compels 
eatk  dement  of  the  surface  to  carry  its  share  of  the  load. 

Adsantages  to  he  derived  from  the  use  of  such  hearings  are  set  forth  and  figures 
ore  gisen  showing  a  reduction  in  friction  accompanying  increased  unit  pressure, 
Tm  designs  are  described  and  iUusirated, 

TT  has  been  shown  that  the  pressure  on  the  babbitted  surface  of 
an  ordinary  journal  bearing  varies  greatly  in  different  parts  of 
the  circumference  of  the  bearing,  being  greater  at  the  center  line  of 
the  resultant  load  than  toward  the  sides,  and  varying  approximately 
inversely  with  the  thickness  of  the  oil  film.    Whether  the  greater 
part  of  this  variation  in  pressure  is  due  to  the  difference  in  thickness 
of  the  film  or  to  the  dragging  of  the  oil  by  the  shaft  to  a  point  from 
which  it  cannot  readily  escape,  is  hard  to  determine.    The  thickness 
of  the  film  depends,  apparently,  on  the  load  per  unit  area,  the  vis- 
cosity of  the  oil,  and  the  surface  speed  of  the  shaft.    Several  investi- 
gators have  shown  that  with  ordinary  loads  of  100  lb.  average  pres- 
^e  per  square  inch,  the  thickness  of  the  oil  film  at  the  bottom  of 
le  bearing  is  about  0.0002  to  0.0003  in.    With  this  in  mind,  it  will 
adily  be  xmderstood  why  the  surfaces  of  the  bearing  have  to  be 
ted  closely  to  the  shaft,  why  the  supporting  shell  must  be  made 
id,  and,  finally,  why  a  soft  metal,  which  may  conform  to  the 
it,  is  much  better  for  a  bearing  surface  than  a  hard  one.    In 

Presented  at  the  Spring  Meeting,  Worcester,   Mass.,  June  1918,  of  Thb 
aacAN  SocMTT  OF  Mechanical  Engineers. 

191 


► 


192  SELF-ADJUSTING  SPRING  THRUST  BEARINa 

spite  of  all  the  care  that  may  be  taken,  only  a  small  part  of  the  but 
face  usually  fits  the  shaft  to  within  the  aforesaid  dimensions,  anc 
the  load  is  borne  on  a  restricted  area  with  a  pressure  many  timei 
the  average  and  often  many  times  the  pressure  at  the  bottom  of  $ 
perfectly  fitting  bearing.  On  large  bearings  it  is  difficult  to  preveni 
the  metals  from  touching,  a  small  part  sometimes  taking  sufficient 
load  to  cause  wiping  of  the  babbitt  at  starting.  ''Wiping  the  bab- 
bitt" tends  to  fit  the  bearing  to  the  shaft  under  the  loaded  condition, 
and  may  occur  only  at  starting  and  not  repeat  the  process  after- 
ward, due  to  a  larger  bearing  surface  thus  being  established.  It  i£ 
better,  however,  to  avoid  this  if  possible,  as  the  particles  of  loosened 
babbitt  metal  may  injure  or  destroy  the  good  part  of  the  bearing 
surface,  and  there  is  also  danger  of  scoring  the  shaft. 

2  In  the  absence  of  dirt  or  grit,  bearing  failures  are  due  to  the 
squeezing  out  of  the  oil  film.  The  pressure  necessary  to  accomplish 
this  is  much  greater  than  is  generally  known.  In  one  case  that 
came  to  the  writer's  attention  a  pressure  of  5000  lb.  per  sq.  in.  was 
carried  for  several  hours  and  the  babbitted  surface  was  absolutely 
free  from  damage.  In  another  case  a  pressure  of  2000  lb.  per  sq.  in. 
at  a  rubbing  speed  of  4500  ft.  per  min.  was  successfuUy  carried. 
The  consideration  of  such  experience  led  to  the  conclusion  that 
damage  to  properly  lubricated  bearings  was  due  to  failure  of  the  oil 
film  on  so  small  a  part  of  the  total  surface  that  the  imit  pressures 
on  these  surfaces  exceeded  the  values  just  mentioned. 

3  In  order  to  maintain  a  film  of  oil  of  fairly  uniform  thickness 
in  bearings  of  the  constructions  now  in  use,  it  is  necessary  that  the 
parts  which  form  the  bearing  surface  should  be  exceedingly  rigid  so 
that  the  deflection  of  the  bearing  surface  shall  be  very  small.  With 
this  precaution  and  with  very  accurate  fitting  it  is  theoretically 
possible  to  maintain  over  the  whole  surface  of  the  bearing,  or  a  large 
area  thereof,  a  film  of  oil  sufficiently  thin  to  support  a  fair  pressure 
per  inch  of  bearing.  It  is  for  this  reason  that  the  shells  of  ordinary 
bearings  are  made  quite  stiff  so  that  they  will  do  some  supporting 
even  at  the  ends.  The  ideal  condition  would  be  to  have  the  deflec- 
tion of  the  bearing  and  shaft  the  same,  but  in  practice  this  cannot 
be  accomplished. 

4  The  bearing  that  is  to  be  described  departs  altogether  from 
these  principles  and  is  based  on  the  idea  of  a  bearing  surface  which 
is  so  yielding,  flexible  and  elastic  that  it  may  follow  the  irregularities 
of  the  rotating  surface  without  creating  at  any  point  a  pressure  per 
^isquare  inch  sufficient  to  destroy  the  oil  film. 
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5  Many  of  the  problems  found  in  the  construction  of  journal 
bearings  are  met  with  in  the  design  of  thrust  bearmgs.  SmaU  bear- 
ings,  up  to  perhaps  ten  inches  in  diameter,  may  be  readily  fitted  so 
that  at  ordinary  speeds  the  siu-faces  are  sufficiently  accurate  to  allow 
a  film  thin  enough  to  support  the  load  without  danger  of  dragging 
the  babbitt.  The  parts  must  be  made  quite  rigid  and  the  seat  is 
usually  supported  on  a  spherical  surface  to  correct  for  slight  inac- 
curacies of  aUgnment. 

6  Thrust  bearings  for  supporting  the  heavy  loads  of  water 
wheels  and  the  electric  generators  driven  by  them,  are  now  very 
widely  used.  The  difficulties  in  the  fitting  and  use  of  plate  bearings 
are  much  aggravated  as  the  weight  is  increased,  on  account  of  the 
large  overall  dimensions  of  the  supporting  plate.  It  is  true  that  the 
surfaces  can  be  fitted  quite  accurately  by  machining,  but  the  writer 
has  known  cases  where  the  surfaces  were  turned  sUghtly  conical  so 
that  they  touched  hard  on  the  inner  or  the  outer  edge.  The  deflec- 
tion of  the  supporting  collar  on  the  shaft  may  allow  the  runner  to 
be  slightly  dished,  or  there  may  be  a  deflection  of  the  supporting 
surface,  thereby  dishing  the  babbitted  seat  or  causing  one  side  to  be 
lower  than  the  other.  The  self-adjusting  spherical  seat  provided  to 
correct  some  of  these  difficulties  is  of  doubtful  value  on  large  bear- 
ings on  account  of  the  great  frictional  resistance  which  must  be 
overcome  to  make  it  shift. 

7  Thrust-bearing  surfaces  are  usually  scraped  to  each  other, 
or  to  a  surface  plate,  to  avoid  dangerously  high  spots;  but,  since 
the  oil  film  is  of  the  order  of  0.0002  in.  to  0.0003  in.  in  thickness,  the 
difference  in  level  must  be  smaller  than  these  values.  This  work 
must  usually  be  done  without  load,  and,  no  matter  how  carefully 
done,  when  the  bearing  is  loaded  the  parts  will  probably  not  fit  each 
other,  due  to  deflection. 

8  A  careful  study  of  the  above  difficulties  led  the  writer  to  the 
design  of  a  flexible  bearing  surface  pressed  against  the  runner  by 
springs.  It  seemed  that  this  would  prevent  the  possibility  of  undue 
pressure  at  any  point,  and  compel  each  element  of  the  surface  to 
carry  its  share  of  the  load.  On  trial,  this  solution  proved  satisfac- 
tory. 

9  A  typical  design  of  a  spring  thrust  bearing  for  vertical-shaft 
machines  is  shown  in  Fig.  1.  The  bearing  consists  of  a  runner  of  a 
special  grade  of  cast  iron  resting  on  a  thin  steel  ring  with  a  babbitted 
surface.  The  babbitted  stationary  ring,  in  turn,  rests  on  short 
helical  springs  and  is  held  against  rotation  by  dowel  pins.     A  saw 
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cut  through  one  side  diminates  any  tendeocy  of  the  ring  to  dish 
with  a  change  in  temperature.  The  high  base  ring  shown,  on  which 
the  springs  stand,  is  often  used  in  connection  with  a  deep  housing 
to  increase  the  amount  of  oil  in  the  surrounding  bath.  The  tube  in 
the  center  forms  a  retaining  wall  around  the  shaft,  for  the  oil.  The 
springs  ordinarily  used  are  wound  of  J-in.  round  wire  and  have  an 


Fia.  1     Sfrino  Thhubt  Bearlvg,  for  Vertical  Water-Whebl-Driven 
Ggnerator,  to  Carrt  a  Load  of  300,000  Lb.  at  100  r.p.h. 

(Vii-w  riHnn  rubbiDc  lurhc*  of  fsUtioi  rinf;  italinnvr  ■^■w  i*  niaxl  tn  (bow  tb*  umic*- 

m«q(  of  flpTIDCL) 

outfiide  diameter  of  2  in.  and  a  free  length  of  1)  in.  Under  load  the 
springs  close  about  I's  in.,  and  the  total  pressure  is  well  distributed. 
By  this  means  it  is  possible  to  avoid  excessive  pressures  at  any  point. 
Thus,  it  is  safe  to  run  with  a  much  higher  average  pressure  than 
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when  there  is  no  definite  limit  to  the  preesure  which  may  occur  over 
aamallarea. 

10  It  will  be  seen  that  this  type  of  bearing  differs  from  the  solid- 
ring  thrust  bearing  in  that  one  of  the  bearing  surfaces  is  made  to 
yidd  at  any  point  by  using  a  comparatively  thin  plate  supported 
by  a  large  number  of  springs.  While  solid  bearings  may  be  used 
successfully  for  small  loads,  a  bearing  which  thus  automatically 
adjusts  itself  to  faults  in  finish  and  in  alignment  is  preferable  for 
carrsring  very  heavy  weights. 

11  (Ml  grooves  are  provided  in  one  of  the  members  and  some- 
times in  both.    In  order  to  insure  proper  circulation  of  the  oil  for 
cooling  purposes,  in  the  case  of  bearings  operating  at  low  speed  it  is 
necessary  to  have  grooves  in  the  rotor.    On  hi{^  speeds  these  grooves 
may  sometimes  be  omitted,  relying  for  circulation  only  on  the  fric- 
tion of  the  rotor  on  the  oil  while  passing  the  grooves  in  the  stator. 
In  many  cases  we  have  had  very  satisfactory  results  by  placing  radial 
grooves  in  both  the  .rotating  and  the  stationary  surface.    It  is  our 
practice  to  have  different  numbers  of  grooves  in  the  two  plates,  for 
instance,  six  and  ei^t.    With  grooves  in  each  of  the  surfaces  we 
have  a  continuous  flooding  of  oil  on  all  the  bearing  surfaces  and  a 
very  effective  means  of  cooling.    Much  of  the  heat  would  otherwise 
have  to  be  transmitted  through  the  metal  of  the  stationary  part  of 
the  bearing. 

12  The  pressure  usually  allowed  on  these  bearings  is  from 
300  to  400  lb.  per  sq.  in.,  the  design  permitting  a  very  thin  oil  film 
without  metallic  contact.  It  is  necessary  to  have  the  runner  very 
smooth  and  free  from  scratches,  especially  any  at  an  angle  to  the 
direction  of  rotation,  as  these  might  cause  injury  to  the  babbitt.  The 
babbitted  surface  does  not  need  to  be  scraped  but  is  turned  with  a 
tool  as  smooth  as  is  convenient.  Wearing  sometimes  occims  in 
minute  spots  all  over  the  plates.  When  this  happens  there  is  no 
nsk  of  dragging  the  metal.  The  bright  spots  that  show  themselves 
are  produced  while  starting  and  slowing  down,  before  a  pressure 
film  is  formed.  When  in  operation  the  weight  is  apparently  entirely 
supported  on  the  oil  film. 

13  It  is  desirable  to  run  bearings  at  a  high  pressure  if  they  can 
be  designed  to  do  this  safely,  as  the  parts  then  are  smaller,  the  rub- 
bing speed  is  less,  and  the  friction  very  much  reduced.  With  this 
design  of  bearing  the  tendency  to  excessive  pressure  at  one  point  is 
automatically  relieved  by  the  springs  yielding,  and  while  there  will 
be  some  imeven  distribution,  a  variation  in  pressure  of  two  or  three 
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times  the  average  is  comparatively  unimportant  and  does  not  cause 
bearing  failures;  it  is  pressures  of  twenty  or  more  times  the  average 
that  cause  injury.  These  excessive  pressures  are  prevented  by  the 
construction  just  described.  For  this  reason  it  is  safer  to  operate 
this  bearing  with  high  pressures  than  a  more  rigid  bearing  at  lower 


14    The  loss  of  ^gnment  due  to  settling  of  foundations  or  other 
causes  does  not  affect  the  bearing  adversely.    In  one  water-wbeel* 


Fia.  2    Sfrino  Thrust  Bbabinq  wim  "Coupressed  SpRtNos"  roR 
MACiUNBa  Havinq  Siull  Clearances 

(Statioiury  b^bitl*i  rin(  ii  niwJ  (a  ihow  ivriDti  and  donl  pioi.) 

driven  altern&tor  installation  the  striking  of  the  field  against  the 
armature  led  to  the  discovery  that  the  coupling  between  the  two 
units  had  loosened,  which  allowed  the  shaft  to  "run  out."  The 
bearing  operated  without  injury  with  over  0.03  in.  vertical  move- 
ment of  the  outer  edge  of  the  rubbing  surface.  This  caused  an  un- 
even distribution  of  load  on  the  bearing,  to  the  extent  of  reducing 
the  load  on  one  side  of  the  bearing  about  16  per  cent  and  increasing 
the  pressure  a  similar  percentage  on  the  extreme  opposite  side. 
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15  An  advantage  of  increased  pressure  in  the'^reduction  of 
friction  is  shown  by  the  following  table  of  comparison: 

Bearing  number 1  2 

Revolutions  per  min 200  200 

Total  load,  lb 300,000  300,000 

Outside  diameter  of  bearing,  in 35  46 

Inside  diameter  of  bearing,  in 17.5  17.5 

Net  area,  sq.  in 600  1200 

Pressure,  lb.  per  sq.  in 500  250 

Average  rubbing  speed,  ft.  per  min 1370  1670 

Coefficient  of  friction 0.0018  0.0033 

Kilowatt  loss 16.7  38 

Horsepower  loss 22.6  51 

16  In  some  designs  the  vertical  clearance  between  the  water 
wheel  and  the  casing  is  very  small,  so  that  the  displacement  caused 
by  a  free  spring  under  the  variation  of  hydrauhc  suction  is  objec- 
tionable.   In  such  cases  an  initial  compression  equal  to  full  load,  or 
to  an  overload,  is  put  on  the  springs.    The  load  will  still  distribute, 
since  an  overload  at  any  point  will  cause  the  spring  to  close  beyond 
the  initial  compression.    Such  a  bearing  is  shown  in  Fig.  2.    How- 
ever, this  bearing  was  designed  to  replace  a  roller  bearing,  and  was 
80  made  that  the  parts  of  the  water  wheel  would  occupy  the  same 
relative  positions  as  before.    The  principles  used  in  the  construction 
of  these  thrust  bearings  are  applicable  also  to  journal  bearings  and 
to  bearing  surfaces  having  a  reciprocating  motion,  like  the  crosshead 
of  a  steam  or  gas  engine. 

17  Referring  to  Par.  2,  it  may  be  said  that  the  oil  film  is  main- 
tained by  not  allowing  any  part  of  the  surface  to  carry  abnormal 
pressure.  The  writer  does  not  know  whether  the  front  edge  of  a  sec- 
tion between  oil  grooves  is  further  from  the  runner  than  the  leaving 
edge.  If  there  is  a  difference,  it  must  be  exceedingly  small,  since  the 
babbitted  steel  plates  used  have  a  material  thickness.  Possibly  there 
IS  no  such  difference  in  the  thickness  of  the  oil  film  but  that  the  oil 
film  moves  with  different  speeds  at  different  places  on  the  bearing 
surface,  faster  at  the  entrance  from  an  oil  groove  than  at  the  exit, 
and  very  much  faster  than  on  the  side  where  the  flow  is  produced  by 
the  pressure  of  the  oil  and  not  by  adherence  to  the  runner. 

18  These  bearings  have  been  used  on  shafts  running  at  speeds  of 
3600  r.p.m.  The  natural  period  of  the  springs  when  unloaded  is  very 
much  higher  than  this  value,  and,  in  the  writer's  opinion,  the  bearings 
will  undoubtedly  follow  irregularities  at  this  speed.  But  the  higher 
the  speed,  the  more  important  it  is  to  have  the  parts  run  true. 
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THE  SMALL*  INDUSTRY  IN  A  DEMOCRACY 

By  George  H.  Haynes,^  Worcester,  Mass. 

Non-Member 

'PHE  purpose  of  this  paper  is  to  raise  question  as  to  some  of  the 
industrial  implications  of  democracy  —  democracy  which  in  gov- 
ernment is  set  before  us  as  the  goal  worth  all  this  outpouring  o(  blood 
and  of  treasure,  this  world  anguish. 

A  generation  ago^  Gren.  Francis  A.  Walker,  then  the  dominating 
figure  among  American  economists,  declared  "For  one,  though  believ- 
ing thoroughly,  so  far  as  politics  are  concerned,  in  a  government  of 
the  people,  by  the  people,  for  the  people,  I  see  nothing  which  indicates 
that,  within  any  near  future,  industry  is  to  become  less  despotic 
than  it  now  is.  The  power  of  the  master  in  production, '  the  captain  of 
industry,'  has  steadily  increased  throughout  the  present  century." 

Though  describing  industry  as  having  become  "despotic"  in  his 
Political  Economy  (1887)  which  for  a  decade  became  the  standard 
text  for  American  college  students,  General  Walker  did  not  think  it 
essential  to  give  a  single  paragraph  to  the  corporation  as  a  form  of 
busmess  organization,  nor  a  page  to  the  modem  monopoly  problem, 
and  he  made  no  mention  of  such  a  thing  as  a  "trust."  In  the  30 
years  that  have  since  passed,  concentration  and  consolidation  have 
gone  forward  at  an  unprecedented  rate.  The  new  era  in  industry 
Qiay  be  admirably  illustrated  by  examples  from  local  history.  Thus, 
the  enterprise  started  by  Ichabod  Washburn  becomes  the  Washburn 
and  Moen  Company.  It  next  is  absorbed  by  the  American  Steel 
^nd  Wire  Company,  with  Inany  plants  in  Worcester  and  elsewhere. 
And  presently  that  company  becomes  one  of  the  many  concerns, 
aggregating  nearly  150  plants,  consolidated  into  the  United  States 
Steel  Corporation,  with  a  capital  stock  of  $1,100,000,000.  The  net 
earnings  of  this  greatest  of  American  industrial  corporations  were 
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$295,000,000  for  the  past  calender  year,  and  it  carries  on  its  payroll 
some  200,000  employees. 

There  are  those  who  see  nothing  of  challenging  inconsistency 
presented  by  the  development  of  such  an  imperium  in  imperio,  of 
such  an  autocratically  controlled  industrial  army  —  the  largest 
among  many  —  in  America,  the  leader  of  the  world  toward  the  goal 
of  democracy  in  government.  They  see  no  incongruity  in  the  fact 
that  we  compel  the  children  of  this  host  of  workers  to  attend  our 
pubUc  schools,  and  we  urge  the  newcomers  to  become  American 
citizens  —  at  any  rate,  we  are  going  to  urge  them  to  do  so,  from  now 
on!  —  and  we  thrust  the  ballot  into  their  hands,  so  that  in  our 
accepted  democratic  theory  the  vote  of  the  newly  naturalized  Syrian 
or  Polander  or  Croatian  counts  for  as  much  as  does  the  vote  of  Judge 
Gary  himself  in  determining  who  shall  be  the  chief  executive  of 
Gary,  Indiana,  or  the  chief  executive  of  the  state  of  Pennsylvania,  or 
the  chief  executive  of  the  United  States  of  America.  Yet  that 
workman's  vote  or  voice  is  not  to  be  counted  at  all  in  determining 
matters  as  intimately  concerning  his  own  life  as  the  conditions  of  his 
daily  work  or  the  amount  of  his  daily  wage.  These  matters  are 
determined  for  him  by  the  management  constituted  by  the  control  of 
51  per  cent  of  the  stock  of  the  New  Jersey  corporation.  Stock 
ownership  by  the  workmen,  to  be  sure,  is  encouraged  by  the  United 
States  Steel  Corporation,  as  by  many  another  far-sighted  and  pro- 
gressive concerns;  yet  it  is  safe  to  say  that  in  not  one  large  corporation 
in  a  hundred  does  the  stock  vote  of  the  workmen  amount  to  enough 
to  qualify  at  all  the  essentially  autocratic  management  of  the  enter- 
prise. 

Nor  is  the  situation  greatly  bettered,  so  far  as  consistency  with 
political  democracy  is  concerned,  if  the  workmen  be  organized  so  that 
collectively  they  may  drive  a  hard  bargain  to  enforce  their  own 
demands.  It  used  to  be  said  that  Russia  was  governed  by  a  des- 
potism tempered  by  fear  of  assassination.  In  democratic  America, 
today,  there  is  many  a  great  industry  which  is  controlled  by  an  autoc- 
racy tempered  by  fear  of  revolution  among  its  workmen  in  the  form 
of  a  strike  or  sabotage. 

And  yet  how  many  of  us  have  reached  the  point  where  we  believe 
that  democracy  in  industry  is  coming,  and  ought  to  come?  A  strik- 
ing forecast  has  recently  come  from  the  man  who  was  the  first  presi- 
dent of  the  United  States  Steel  Corporation,  who  later  became  the 
head  of  the  company  that  runs  the  largest  armament  plant  in  the 
world,  yet  who,  at  the  present  moment  —  his  willing  service  com- 


OBOBGB  H.  HATNB8  201 

mandeored  by  the  Government  —  is  at  the  head  of  our  Emergency 
Fleet  construction.  Mr.  Charles  M.  Schwab  is  reported  as  sajring: 
"The  time  is  near  at  hand  when  the  men  of  the  wcfrking  class  —  the 
m«a  without  property  —  will  control  the  destinies  of  the  world.  The 
Bdsheviki  sentiment  must  be  taken  into  considerationi  and  in  the 
very  near  future  we  must  look  to  the  worker  for  a  solution  of  the  great 
economic  questions  now  beiog  considered.  I  am  not  one  carelesdy 
to  turn  over  my  belongingB  for  the  uplift  of  the  nation,  but  I  am  one 
who  has  come  to  a  belief  that  the  worker  will  rulci  and  the  sooner  we 
realiie  thisy  the  better  it  will  be  for  our  country  and  the  worid  at 
large.'' 

The  essence  of  democracy ,  in  its  industrial  imfdications,  is  not  to 
be  found  in  equality  of  size,  or  wealth,  or  strength.  Such  equality 
is  neither  desirable  nor  possiUe.  The  inotto  ci  democracy  in  indus- 
try shouU  be  that  of  Carnot's  army  of  the  Frendi  Revolution:  "Car^ 
riire  cmerte  aux  UderUaJ* 

We  recognise  that  in  a  democracy  the  individual,  however  humUe 
his  station,  has  a  right  to  Uf e,  liberty  and  the  pursuit  of  happiness,  a 
rig^t  to  the  protection  of  his  health  and  safety,  and  to  educational 
opportunities  which  shall  give  him  a  fair  chance  to  devdop  according 
to  his  alnlity.  And  the  war  is  teaching  us,  more  plainly  than  we  ever 
saw  it  before,  that,  on  the  other  side,  in  a  democracy  the  state  has  a 
right  to  expect  from  its  citizens  equality  of  sacrifice,  in  the  sense  that 
sacrifice  shall  be  gaged  according  to  their  several  abilities  to  bear 
burdens. 

In  a  democracy,  the  industry  —  small  as  well  as  great  —  has  its 
rights,  entitled  to  careful  safeguarding;  and  it  has  likewise  its  duties 
and  special  services,  upon  the  rendering  of  which  the  very  destiny  of 
the  state  may  depend. 

Democracy  is  best  held  sane  and  secure  against  attack  if  the 
field  of  enterprise  is  kept  open  for  men  with  a  capacity  for  leadership. 
At  present  in  the  United  States  there  is  little  to  be  feared  from  the 
I.  W.  W.  or  Bolsheviki.  But  there  is  grave  danger  for  the  future  if 
no  heed  is  now  paid  to  the  causes  producing  these  movements,  and 
if  the  field  of  enterprise  shall  seem  closed  to  all  but  those  of  wealth 
or  "pull." 

In  the  field  of  industry  as  in  the  field  of  government  and  on  the 
Md  of  battle,  democracy  is  on  trial.  EJvery  forward-looking  man 
M^ticipates  that  the  industrial  testing  of  democracy  after  this  war 
^  be  more  severe  than  ever  before.  In  its  relations  to  industry 
democracy  must  develop  eflBciency  equal  to  that  of  autocracy,  else 
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it  is  doomed  to  defeat.  But  efficiency  in  industry,  as  in  war,  is  not 
alone  a  matter  of  training  or  equipment  or  centralized  control  —  it 
is  a  matter  of  the  spirit,  of  morale.  Events  of  the  past  few  weeks 
have  proved  that  the  morale  of  Uberty-loving  citizen  soldiery  may 
offset  in  no  small  degree  the  superior  training  possessed  by  profes- 
sional fighters.  So  whatever  conduces  to  better  morale  in  industry 
may  more  than  counterbalance  some  other  highly  valued  elements  of 
efficiency.  In  two  respects,  as  I  shall  attempt  to  show  later,  the 
small  industry  distinctively  and  strongly  does  conduce  to  better 
morale:  (1)  in  the  enthusiasm  which  it  evokes  in  the  ambitious  young 
employer  who  is  managing  an  enterprise  which  is  his  own;  and  (2) 
in  the  team  play  which  is  worked  out  between  employer  and  work- 
man. 

Of  course,  democracy  must  find  methods  not  inconsistent  with  its 
own  spirit  to  get  the  greatest  industrial  enterprises  accomplished. 
Democracy  does  not  imply  that  in  the  twentieth  century  the  dial  is 
to  be  turned  back  and  that  giant  industries  are  to  be  split  up  into 
small  units,  or  that  a  limit  is  to  be  prescribed  beyond  which  an  in- 
dustry must  not  expand. 

Democracy  does  imply  that  industries,  great  and  small,  shall  be 
given  scope  to  develop  their  capabiUties  up  to  the  point  where  their 
further  expansion  would  hamper  that  of  others,  or  would  prove  in- 
jurious to  the  pubUc  interest.  A  generation  of  fumbling  efforts  to 
work  out  the  state's  proper  relation  to  industrial  control  has  brought 
into  recognition  some  things  which  40  years  ago  were  strangely 
blurred. 

In  the  first  place,  we  recognize  far  more  clearly  than  when  the 
Sherman  Anti-Trust  Law  and  the  Interstate  Commerce  Law  were 
enacted,  that  many  industries  are  inherently  monopolistic,  and  that 
any  effort  to  force  competition  in  them  is  doomed  to  failure  and  can 
result  only  in  increased  cost  and  lessened  efficiency  of  service.  In 
this  broad  field,  pubUc  interest  is  best  to  be  subserved  either  by 
private  operation  under  thoroughgoing  regulation,  or  by  government 
ownership  and  operation.  Right  now,  under  stress  of  war,  weighty 
experiments  are  being  tried  out,  which  wiU  throw  much  light  on  the 
monopoly  problem. 

In  the  second  place,  it  is  now  recognized  that  in  the  so-called 
''trust  movement,''  where  no  element  of  genuine  monopoly  has  been 
present,  a  large  factor  has  been  the  desire  to  secure  the  economies  of 
large-scale  production.  This  is  a  sound  and  constructive  motive, 
and  democracy  is  concerned  to  have  such  economies  attained,  to  the 
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extent  that  does  not  interfere  with  some  higher  or  more  essential 
purpose. 

In  the  third  place,  it  is  obvious  that  certain  enterprises  must  be 
conducted  on  a  giant  scale,  if  at  all.  A  copper-smelting  plant,  a 
sugar  refinery,  a  powder  plant,  locomotive  works,  as  such  enterprises 
are  now  conducted,  may  well  involve  an  initial  investment  running 
up  into  the  millions.  The  scale  most  conducive  to  economical 
production  is  not  to  be  predetermined  by  any  rigid  or  general  rule. 
It  must  be  worked  out  in  each  industi^  and  in  each  community 
according  to  the  conditions  which  conduce  to  greatest  ejfficiency. 
Each  enterprise  should  have  a  fair  chance  for  a  start  and  for  normal 
growth,  according  to  the  effectiveness  which  it  develops. 

Democracy  craves  variety  and  individuaUty  in  industrial  develop- 
ment. It  needs  the  small  industry  not  less  than  the  large.  The 
point  which  I  wish  to  emphasize  is  not  so  much  that  in  a  democracy 
the  individual  enterpriser  needs  the  help  and  protection  of  the  state, 
as  that  the  state  needs  the  widely  distributed  initiative  and  enthusi- 
asm of  ambitious  young  enterprisers. 

Democracy  needs  to  avail  itself  of  the  varied  industrial  talent 
and  aptitudes  of  the  many,  and  not  merely  of  the  genius  of  the  few. 
There  is  another  and  a  more  important  concern  here  involved  than 
that  of  getting  a  maximum  output  produced  at  minimum  cost.  It 
is  the  calling  forth  of  widely  diffused  and  varied  industrial  leadership. 
"The  magic  of  private  property  turns  sand  into  gold."  It  means 
much  for  the  strength  and  stability  of  a  democracy  if  the  man  with 
capacity  for  industrial  leadership  finds  scope  for  developing  his 
aptitudes  as  his  own  master,  in  the  enterprise  of  his  own  starting,  and 
Qot  as  a  foreman  or  as  a  member  of  the  staff  of  some  giant  corpora- 
tion. Right  here  lies  a  cardinal  difference  between  industrial  democ- 
racy as  we  would  see  it  develop  in  the  United  States  and  the  type  of 
socialism  which  many  fear.  Is  it  not  possible  to  keep  open  the  door 
^f  opportunity  and  enable  the  young  man  to  discover  and  develop 
his  own  aptitude,  without  at  the  same  time  making  him  the  servant 
of  the  state,  subject  to  a  repression  no  less  galling  because  imposed  at 
the  behest  of  a  majority? 

In  recent  years  there  has  developed  a  new  discriminating  apprecia- 
tion of  certain  advantages  of  the  small  plant  in  industries  which  are 
^ot  inherently  monopolistic  or  in  which  the  economies  of  large-scale 
production  are  not  a  dominant  consideration.  Perhaps  foremost 
among  these  advantages  is  that  which  relates  to  the  element  of 
i^lity.    America   has   wrought   her  most   distinctive   miracles   in 
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quantity  production.  Ford  automobiles,  to  take  the  most  notable 
example,  are  turned  out  by  the  million.  But  during  the  past  year 
we  have  had  our  illusions  removed  as  to  the  speed  with  which  the 
highest  type  of  fighting  aeroplanes  can  be  produced.  Where  the 
craftsman  skill  and  precision  are  needed,  more  trustworthy  products 
can  be  secured  in  the  small  shop  than  in  the  mammoth  plant.  A 
second  advantage  is  found  in  the  direct  and  intimate  relation  between 
office  and  shop  in  the  small  plant.  Here  the  workers  are  still  men,  — 
yes,  individuals,  even,  in  the  thought  and  imder  the  eye  of  the 
superintendent  or  employer,  while  he  is  a  distinct  and  knowable 
personaUty.  This  has  not  a  few  important  results.  In  the  small 
shop  decisions  are  transmitted  from  the  proprietor-manager  straight 
to  the  workmen,  and  are  carried  into  effect  at  once.  *  Said  one  of  our 
Institute  graduates,  a  few  days  ago:  ''During  the  past  six  months 
we  have  nearly  doubled  our  output,  but  we've  added  only  one  man  to 
our  office  force.  That  puts  us  all  under  a  good  deal  of  strain." 
"  Why  not  put  more  men  on  your  office  staff? "  I  inquired.  His  reply 
was:  ''That  would  mean  just  so  much  more  red  tape  and  complica- 
tion. When  I  first  went  with  the  firm  (less  than  ten  years  ago),  tiiere 
were  in  the  office  just  Mr.  A.  (the  inventor-proprietor),  Mr.  B.,  his 
partner,  and  one  other  man.  Then  things  used  to  hum!  But  the 
more  men  you  get  in,  the  more  cards  and  reports  have  to  be  made  out, 
merely  to  insure  Ihe  same  degree  of  efficiency.'' 

Leadership  "carries"  better  in  the  small  industry.  The  proprie- 
tor's personality  and  enthusiasm  can  lay  hold  upon  25  or  50  men, 
whereas  to  a  force  of  500  he  wou\d  be  simply  "the  boss."  Esprit  de 
corps  and  morale  are  of  natural  growth  in  the  small  shop;  they  are 
hard  to  develop  and  maintain  where  there  is  no  human  contact 
between  the  employer  and  the  workmen,  and  where  the  workmen  are 
not  personally  known  to  one  another.  In  the  small  shop  there  can 
be  brought  home  to  the  individual  workman  the  direct  interest 
which  he  has  in  maintaining  both  the  quantity  and  the  quality  of  the 
product;  he  can  be  brought  to  see  clearly  how  his  own  work  is  dis- 
credited and  his  own  wage  lowered  in  consequence  of  the  soldiering 
or  waste  of  material  by  any  member  of  the  working  force.  It  goes 
without  saying  that  the  mutual  understanding  between  employer 
and  employees  in  a  small  industry  is  a  strong  influence  in  lessening 
the  frequency  and  the  seriousness  of  labor  controversies. 

In  fact,  the  advantages  of  the  small  shop  arc  so  obvious  that  in 
these  days  of  giant  corporations  some  of  the  most  interesting  and 
promising  experiments  in  inda<^trial  management  are  in  the  attempts 
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to  reorganize  production  on  the  small-shop  basis,  assigning  to  a 
superintendent  and  small  force  of  men  the  making  of  a  particular 
part  or^he  completion  of  a  certain  series  of  processes  in  the  turning 
out  of  the  finished  product.^ 

If  it  be  granted  that  the  small  industry  in  many  fields  of  produc- 
tion has  distinct  advantages,  and  that  the  easy  and  natural  progress 
from  able  and  ambitious  workman  to  proprietor  is  accordant  with  the 
spirit  of  democracy  and  tends  to  safeguard  it  from  developing  indus- 
trial Bourbonism  on  the  one  hand,  or  industrial  Bolshevikism  on  the 
other,  the  question  presents  itself:  What  chance  has  the  small  in- 
dustry in  the  democracy  of  today?  Is  it  getting  a  better  or  a 
poorer  chance  than  a  generation  ago?  To  what  extent  and  in  what 
ways  should  a  democracy,  in  its  own  interest,  seek  to  insure  that 
chance? 

Here  the  first  step,  thoroughly  in  accord  with  the  democratic 
principle,  is  to  see  to  it  that  the  field  of  opportunity  is  not  narrowed 
by  encroachments  of  monopoly  not  controlled  in  the  public  interest. 
Despite  the  contemptuous  sniflSng  with  which  not  a  few  self-styled 
"hard-headed  business  men''  have  referred  to  the  ''New  Freedom" 
programme,  I  venture  to  beUeve  that  the  spirit  embodied  in  the 
Clayton  Anti-Trust  Law  and  the  Federal  Trade  Commission  Law  is 
constructive  and  deserving  of  approval.  Those  laws  attempt 
reasonable  definition,  where  the  Sherman  Anti-Trust  Law  introduced 
sweeping  prohibition  which  hastened  the  very  development  it  was 
intended  to  curb.  Experience  has  shown  and  doubtless  wiU  continue 
to  show  defects  in  these  laws  needing  correction.  But  they  merit  a 
better  spirit  of  cooperation  than  in  many  quarters  they  have  received. 
The  present  moment  in  the  world's  history  is  a  time  more  appropriate 
for  sincere  and  thorough-going  study  of  the  ethics  of  business  than  for 
disdainful  ridicule  of  any  efforts  to  restrain  unfair  competition. 

But  many  a  small  industry  fails  to  "make  good"  not  because  of 
unfair  practices  on  the  part  of  rivals,  nor  from  any  lack  of  inventive- 
ness, resourcefulness  or  managerial  ability  on  the  part  of  its  enter- 
priser, but  because  he  encountered  exceptional  difficulties  in  securing 
some  one  of  the  elements  requisite  to  its  success.  If  —  as  I  beUeve  — 
it  is  essential  to  the  safety  and  stabiUty  of  democracy  itself  that  its 
life  be  constantly  renewed  by  the  upgrowth  of  small  industries,  by 
the  direct  progress  of  ambitious  young^jworkmen  into  the  ranks  of 

^  See  Small-Shop  Management  for  Large  Plants,  by  F.  O.  Wells,  president 
of  the  Greenfield  Tap  and  Die  Corporation.  This  article  appeared  in  Factory, 
September  1918,  p.  417. 
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proprietors,  what  steps  should  a  democracy  take  to  remove  obstacles 
to  such  progress  and  to  insure  to  the  small  industry  a  reasonable 
chance  to  work  out  its  own  salvation?  • 

I  POWER 

All  industries  here  in  view  are  users  of  power.  The  obvious 
implication  of  democracy  —  though  it  has  secured  but  tardy  recog. 
nition  —  is  that  nature's  sources  of  power  should  be  made  generally 
serviceable  to  the  community  as  a  whole,  and  should  not  be  exploited 
primarily  for  the  profit  of  the  favored  few.  This  idea  underlies  the 
recent  movement  by  the  National  Government  and  by  several  of  the 
states  for  the  survey  of  water  powers  and  for  their  conservation  in  the 
interest  of  all  the  people. 

Most  of  the  modem  electric-power  enterprises  have  been  built  up 
and  are  controlled  by  private  concerns;  a  large  proportion  of  them, 
scattered  the  coimtry  over,  are  in  the  hands  of  a  comparatively  few 
corporations  which  speciaUze  in  such  enterprises.  They  are,  thus,  in 
position  to  bring  to  bear  the  highest  engineering  skill  upon  the  solu- 
tion of  all  technical  problems,  and  they  possess  certain  marked  ad- 
vantages in  relation  to  maintenance  and  management.  Here 
democracy  is  confronted  by  the  tremendous  problem  of  the  govern- 
ment's relation  to  such  enterprises,  —  of  government  ownership, 
with  its  diverse  pohtical  and  economic  impUcations.  A  number  of 
cities  have  been  trying  experiments  under  varied  enough  conditions 
to  make  their  results  of  considerable  interest  and  significance.  With- 
out exception,  so  far  as  I  have  observed,  they  report  a  substantial 
reduction  in  the  rate  made  by  the  private  corporations  —  it  was  40 
per  cent  in  Seattle  —  dating  from  the  first  serious  agitation  for  a 
municipal  plant. 

It  cannot  be  stated  too  strongly  that  a  conclusive  comparison  of 
the  service  rendered  a  community  by  a  municipal  plant  and  by  a 
private  corporation  in  competition  with  it  can  be  made  only  by  an 
expert,  on  the  basis  of  painstaking  investigation.  The  po¥rer  rates 
of  mimicipal  plants  are  attractively  low.  But  it  must  be  borne  in 
mind  that  those  rates  are  in  a  sense  not  economic  but  "political,"  — 
rates  lower  than  could  be  made  by  any  corporation  which  had  to  pay 
taxes,  or  which  could  not  have  its  deficits  made  up  from  public 
appropriations.  Depreciation  charges  are  Ukely  to  be  figured  differ- 
ently in  the  accounting  of  municipal  as  compared  with  private  cor- 
porations. There  may  be  ample  justification  for  the  poUcy  of  the 
city's  charging  less  than  cost  for  electric  power,  just  as  for  many  years 
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the  Post  Office  Department  was  run  with  a  view  not  to  its  paying 
expenses  but  to  its  rendering  the  maximum  service  in  the  develop- 
ment of  the  country.  But  if  power  rates  are  to  be  fixed  on  that  basis, 
the  policy  ought  to  be  frankly  avowed.  The  question  as  to  the  com- 
parative efficiency  of  service  to  be  expected  from  a  mimicipal  plant  as 
compared  with  that  of  a  private  corporation  involves  many  considera- 
tions which  cannot  be  reviewed  in  this  brief  paper. 

Pacific  Coast  cities  have  been  pioneers  in  selling  electric  power 
for  manufacturing  purposes.  A  comparison  of  their  rates  would 
involve  a  maze  of  complications  entirely  inappropriate  in  a  paper  of 
this  character.  A  quotation  from  the  power  rate  (Jard  of  a  single  city 
may  serve  to  indicate  on  what  easy  terms  the  starter  of  a  small 
industry  may  there  secm-e  his  power.  In  Los  Angeles,  Califomia, 
the  use  of  the  aqueduct  has  made  possible  commercial  power  rates 
ninning  from  4  cents  per  kw-hr.  for  the  first  100  kw-hr.  in  any  one 
month  down  to  1.05  cents  for  from  3000  to  6000  kw-hr.  Pasadena 
generates  power  by  a  steam  plant  using  fuel  oil,  and  sells  her  customers 
electric  power  at  just  one-third  what  it  cost  at  the  time  when  the 
city  plant  was  projected.  In  Seattle  the  rate  has  been  reduced  to 
about  one-quarter  of  what  it  was  imder  the  old  regime,  and  the  city's 
hydroelectric  works  are  being  greatly  extended.  In  Tacoma  the 
city  has  been  selling  power  since  1897,  but  made  no  special  efifort 
along  this  line  till  1912,  when  the  rate  was  reduced  from  a  uniform 
3-cent  rate  to  a  sliding  scale  on  which  the  price  per  kw-hr.  according 
to  the  load  factor  runs  from  24  cents  (where  the  load  factor  is  10)  to 
0.45  cent  (where  the  load  factor  is  100).  And  these  rates  are  re- 
duced by  one-third  where  the  customer  agrees  to  take  the  power  at 
certain  hours  and  to  cut  off  all  or  a  large  percentage  of  his  power 
during  the  low-water  period.  Since  1912  there  has  been  a  marked 
increase  in  the  use  of  electric  power.  Forty-two  different  types  of 
industry  appear  upon  the  list  of  small  users  of  power;  they  include 
machine  shops,  rubber  factories,  shipbuilding  plants,  meat  packers, 
smelters,  lumber  manufacturers,  etc.  No  one  who  reads  the  list  can 
doubt  that  the  Tacoma  motor-rental  system  is  serving  effectively  to 
diversify  the  city's  industries  and  to  make  it  easy  for  an  ambitious 
young  workman  to  start  an  enterprise  of  his  own. 

A  most  timely  document  is  the  Report  on  Electric  Power  Supply 
in  Great  Britain  (made  public  in  December,  1917)  by  the  Coal  Con- 
servation Sub-Committee  of  the  British  Ministry  of  Reconstruction. 
Mat  lends  especial  interest  to  this  report  is  the  fact  that,  by  way  of 
enforcing  the  necessity  for  a  most  serious  consideration  of  the  recom- 
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mendations  which  they  present,  they  repeatedly  refer  to  the  dis- 
advantages which  the  British  manufacturer  is  sure  to  encounter  in 
after-the-war  competition  with  better-equipped  American  enter- 
prises.   For  example: 

In  the  United  States  the  amount  of  power  per  worker  is  56  per  cent  more 
than  in  the  United  Kingdom.  If  we  eliminate  workers  in  trades  where  the  use 
of  power  is  limited,  or  even  impossible,  we  shall  probably  find  that  in  the  U.  S.  A. 
the  use  of  power,  where  it  can  be  used,  is  nearly  double  what  it  is  here.  On  the 
other  hand,  not  only  are  the  standard  rates  of  wages  higher  in  the  U.  S.  A.  but 
living  conditions  are  better.  There  is  little  doubt  that  in  the  U.  S.  A.  the  average 
purchasing  power  of  the  individual  is  above  what  it  is  in  this  country,  and  that 
this  is  largely  due  to.the  more  extensive  use  of  power,  which  increases  the  in- 
dividual's earning  capacity.  The  best  cure  for  low  wages  is  more  motive  power. 
Or,  from  the  manufacturer's  point  of  view,  the  only  offset  against  the  increasing 
cost  of  labor  is  the  more  extensive  use  of  motive  power.  Thus,  the  solution  of 
the  workman's  problem,  and  also  that  of  his  employer,  is  the  same,  vis.,  the 
greatest  possible  use  of  power.  Hence  the  growing  importance  of  having  avail- 
able an  adequate  and  cheap  supply  of  power  produced  with  the  greatest  economy 
of  fuel  (p.  7).  The  present  coal  consimiption  would,  if  used  economically, 
produce  at  least  three  times  the  present  amount  of  power. 

The  Conmiittee  makes  the  following  recommendations  (pp. 
1  and  17) : 

The  present  inefficient  system  of  over  600  districts  should  be  superseded  by 
a  comprehensive  system,  in  which  Great  Britain  is  divided  into  some  sixteen 
districts,  in  each  of  which  there  should  be  one  authority  dealing  with  all  the 
generation  and  main  distribution. 

Sites  suitable  for  electric  generating  purposes  should  at  once  be  chosen  where 
water  is  plentiful  and  transport  facilities  good  or  fuel  close  at  hand. 

Each  district  of  electrical  supply  imder  a  single  authority  should  be  a  large 
area,  with  the  greatest  possible  variety  of  electrical  requirements  and  including 
populous  centers  of  industrial  activity.  Power  available  from  surplus  gas  or 
waste  heat  should  be  turned  into  electrical  energy  on  the  spot  in  local  plants  which 
would  feed  into  the  main  distribution  system. 

At  a  time  when  for  many  months  it  has  been  necessary  to  subject 
this  country's  fuel  supply  to  rigid  control,  on  a  day  when  many  of 
the  gas  and  electric  Ught  companies  in  New  England  have  but  a 
week's  supply  ahead,  when  Worcester  manufacturers  are  facing  the 
prospect  of  having  to  close  their  shops  or  curtail  production  for 
months,  and  when  the  bins  of  probably  half  the  householders  of  this 
city  are  empty  of  coal  and  when  no  assurance  can  be  had  of  more  than 
two-thirds  of  a  winter's  supply,  I  have  ventured  to  refer  to  this 
radical  proposal,  put  forth  by  an  eminent  and  responsible  group  of 
investigators,  for  the  conservation  of  England's  coal  supply,  and  for 
the  most  efficient  development  of  power  therefrom,  in  the  interest  of 
all  her  people. 
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n  CAPITAL 

How  shall  a  starting  industry  secure  capital?  In  the  days  of 
Worcester's  early  industrial  growth  the  necessary  capital  units  were 
small  and  might  be  drawn  from  modest  savings  or  secured  in  con- 
siderable measure  from  personal  acquaintances.  But  now  the  situa- 
tion is  vastly  changed.  The  new  industry  is  likely  to  need  a  greater 
amount  of  capital  at  the  start,  and  its  founder's  acquaintances 
are  less  likely  than  three  generations  ago  to  have  the  requisite 
funds. 

At  the  present  time  some  New  Enj^d  banks  are  paying  con- 
siderable salaries  to  their  representatives  who  go  about  in  the  com- 
munity helping  farmers  decide  how  to  invest  borrowed  capital  most 
successfully  in  the  development  of  their  home  farms,  with  the  result 
that  three  parties  gain:  the  bank,  in  seciuring  a  safe  investment  for 
its  funds;  the  farmer,  in  getting  capital,  together  with  expert  advice 
as  to  its  intelligent  use  in  his  own  farm  problem;  and  the  community, 
in  securing  a  greatly  increased  production  of  food  crops.  Similar 
interest  and  codperation  may  be  shown  by  banks  in  the  case  of  the 
starters  of  other  small  industries.  .Some  modification  of  codperative 
banking,  as  worked  out  in  Germany  and  Switzerland,  may  enable 
men  of  character  and  enterprise  to  borrow  upon  their  pooled  credit, 
for  the  starting  of  a  promising  industry. 

Ill  LABOR 

At  the  present  time  the  "help"  question  is  one  of  the  most  dis- 
heartening elements  in  the  manufacturer's  problem.  Trade  schools 
and  vocational  guidance  are  some  of  democracy's  newer  devices  for 
affording  the  boy  some  training  in  fundamentals  and  for  discovering 
to  him  and  to  his  parents  what  his  real  aptitudes  are.  Public  em- 
ployment agencies  may  serve  to  bring  employer  and  employee 
together  and  help  distribute  the  labor  force  to  the  points  where  it  is 
most  needed.  But  the  fundamental  evil  of  the  present  situation  lies 
far  deeper.  Ex-President  Tucker,  of  Dartmouth  College,  declares 
that  "the  social  curse  of  industrialism  as  it  now  exists  lies  in  its  efifect 
upon  the  disposition  and  temper  of  industrial  workers."  He  points 
out  that  by  putting  the  worker  under  the  dominance  of  the  machine, 
by  subjecting  him  to  various  conditions  not  of  his  own  choosing,  and 
by  depriving  him  of  the  stimulus  and  incentive  to  private  ownership, 
industrialism  has  alienated  the  man  from  his  job;  it  has  taken  from 
him  "the  zest  for  work,  than  which  nothing  is  more  necessary  to 
social  progress." 
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• 

One  of  America's  most  eminent  engineers,  Mr.  Charles  P.  Stein- 
metz,  has  said  that  in  every  industrial  enterprise 'there  are  three 
principal  elements  that  need  attention  —  the  financial,  the  technical, 
and  the  hmnan.  He  added  that  the  I.  W.  W.  put  in  their  appearance 
where  the  human  factor  is  neglected,  and  to  the  employer  who  dis- 
regards that  human  factor  his  admonition  is:  "The  I.  W.  W.  will 
get  you  if  you  don't  watch  out!" 

Right  here  is  one  of  the  great  advantages  of  the  small  industry 
and  a  prime  element  of  its  importance  to  a  democracy.  In  the  small 
shop,  relations  between  employer  and  workmen  still  remain  personal, 
human.  The  great  corporations  of  the  present  day  are  striving 
earnestly  to  solve  this  problem  of  the  human  element.  They  are 
calling  to  their  aid  the  psychologist  and  the  sociologist;  they  engage 
trained  experts  as  employment  managers  and  organize  elaborate 
welfare  departments.  But  no  scientific  organization  for  "hiring  and 
firing"  and  no  wholesale  welfare  work  can  dupUcate  the  results  in 
efficiency  and  esprit  de  corps  of  the  working  team  which  can  be 
achieved  by  the  employer  in  the  small  industry. 

In  a  paper  recently  presented  before  this  Society,  Mr.  Richard  B. 
Gregg  has  discussed  "what  it  costs  to  hire  and  fire."  He  intimated 
that  an  annual  labor  turnover  of  20  per  cent  was  not  exceptional,  and 
cited  cases  where  for  several  successive  years  it  had  run  as  high  as 
45  per  cent,  while  in  one  department  of  a  certain  cotton  mill  it  had 
last  year  gone  over  500  per  cent.  The  losses  which  such  incessant 
shifting  involve  to  the  employer,  to  the  workman  and  his  family  and 
to  the  community  are  appalUng.  Yet  every  person  here  knows 
employers  in  small  industries  who  through  years  have  kept  a  loyal 
working  force,  relatively  permanent  and  having  an  interest  and  a 
keen  pride  in  "their"  shop,  and  the  quantity  and  quaUty  of  "their" 
product.  It  was  such  employers  and  such  workmen  as  these  who 
gave  to  this  Worcester  community  its  immensely  strong  and  diversi- 
fied industrial  development,  so  hard  to  maintain  under  the  changed 
conditions  of  today. 

IV   RESEARCH 

In  one  respect  the  small  industry  has  been  at  an  unnecessarily 
great  disadvantage.  The  day  of  hit-or-miss  or  rule-of-thumb  methods 
is  clearly  past.  Yet  the  small  industry  cannot  conduct  scientific 
investigations  in  elaborately  equipped  and  expensively  manned 
research  laboratories  of  its  own.  Here  is  a  field  where  government, 
federal  or  state,  may  provide  cooperation  along  lines  similar  to  those 
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of  the  U.  S.  Department  of  Agriculture  and  of  the  state  experiment 
stations.  The  Biireau  of  Standards  is  abeady  doing  something  in 
the  way  of  research  work  for  private  concerns.  The  laboratories  of 
this  Institute,  as  of  scores  of  engineering  schools  and  imiversities, 
have  facilities  which  may  help  solve  the  technical  problems  of  many  a 
small  industry,  at  a  fraction  of  the  cost  which  would  be  involved  if 
the  manufacturer  should  attempt  to  have  this  work  done  in  his  own 
plant. 

V   PUBLICITY  AND  MARKETING 

One  of  the  greatest  disadvantages  under  which  the  small  industry 
labors  is  the  difficulty  in  getting  its  product  continuously  and  effec- 
tively before  the  public.  Private  enterprise  has  not  failed  to  note 
this  need  and  to  provide  well-designed  facilities  to  meet  it.  Fof 
example,  the  Bush  Terminal  Company,  not  content  with  providing 
the  splendid  buildings  in  connection  with  which  manufacturing 
space,  power,  light,  heat,  railway  and  shipping  faciUties  are  furnished 
to  its  tenants,  has  spent  $2,000,000  to  erect  an  "International  Exhibit 
Building"  at  the  very  heart  of  the  day-and-night  activity  of  New 
York  City,  on  West  Forty-second  Street.  It  is  where  every  dealer 
would  wish  to  have  his  show  room,  but  could  not  afford  to  do  so  alone. 
This  is  genuine,  scientific  cooperative  service  on  the  part  of  a  far- 
sighted  corporation,  and  some  small  industries  may  find  great  ad- 
vantage in  availing  themselves  of  this  opportunity. 

Considerable  saving  and  enhanced  efficiency  could  be  secured  if 
manufacturers  in  related  lines  would  cooperate  in  their  sales  work. 
The  automobile  shows  offer  a  spasmodic  and  spectacular  example  of 
what  may  be  worked  out  in  more  simple  and  modest  fashion  in  many 
lines  of  industry.  The  co(5perative  fruit-selling  agencies  of  the 
Pacific  Coast  states  and  the  produce-marketing  organizations  in  other 
parts  of  the  country  present  familiar  illustrations  of  cooperative 
seUing.  Nor  is  this  a  matter  unworthy  of  governmental  interest  and 
aid.  The  medieval  fairs  brought  business  and  prosperity  to  the 
towns  which  held  them.  Even  in  war-stricken  France,  the  past  year, 
certain  expositions  have  been  maintained.  Our  own  country  affords 
illustrations  of  municipal  industrial  museums  suggestive  of  a  develop- 
ment which  might  be  greatly  extended,  the  city  providing  ample  and 
suitable  halls  and  facilities  for  the  display  of  the  high-grade  products 
distinctive  of  its  industry-  —  doing  this  not  as  a  matter  of  favoritism 
and  patronage,  but  taking  it  upon  itself  to  advance  thereby  the  in- 
terests of  the  whole  city  as  an  industrial  unit,  in  the  spirit  frequently 
shown  by  a  progressive  chamber  of  commerce. 
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An  attempt  has  here  been  made  to  analyze  some  of  democracy's 
implications  in  the  industrial  field,  and  to  emphasize  some  aspects  of 
the  American  industrial  system  which  bid  fair  to  subject  our  form  of 
government  to  severe  strain.  Emphasis  has  been  laid  upon  the  small 
industry's  consistency  with  the  spirit  of  democracy  and  its  tendency 
to  strengthen  democratic  institutions,  and  some  ways  have  been 
suggested  whereby  through  public  or  private  codperation  the  small 
industry,  in  the  interest  of  democracy,  may  be  given  a  better  chance 
of  success. 

At  any  time  these  matters  might  have  been  considered  of  some 
academic  interest;  but  right  now  they  seem  to  me  of  a  new  and  vital 
significance.  I  believe  that  it  is  an  accurate  forecast  that  in  the  future 
the  historian  will  find  the  chief  significance  of  this  World  War  not  in 
the  dynastic  and  territorial  changes  which  at  present  seem  to  us  to 
be  of  such  prodigious  moment,  but  rather  in  the  world-wide  social  and 
economic  upheaval  and  revolution,  for  which  the  war  is  now  prepar- 
ing the  way,  and  of  which  Russia  affords  a  portentous  example. 
Even  before  the  outbreak  of  the  war,  in  America  as  well  as  in  Europe 
there  were  abundant  signs  that  convulsion  was  impending. 

The  coming  of  peace  wiU  bring  a  period  of  tremendous  readjust- 
ment. Back  from  the  front  will  come  scores  of  thousands  of  yoimg 
ofiicers,  and  millions  of  young  soldiers,  to  be  reassimilated  into  our 
economic  and  political  life.  That  process  will  be  vastly  different 
from  the  readjustment  which  followed  the  Civil  War.  Back  to  our 
industrial  centers  these  young  men  are  to  come,  with  a  changed  out- 
look upon  life.  Men  who  before  the  war  had  been  plodding  wage 
earners,  hardly  stepping  outside  their  deep-worn  rut  from  one  year's 
end  to  another,  and  with  no  suspicion  that  life  had  anything  else  in 
store  for  them,  have  now  seen  other  lands,  other  customs,  They 
have  had  a  great  illumination.  They  have  taken  part  in  the  greatest 
enterprise  in  the  history  of  the  human  race.  They  have  learned 
team  play,  and  the  immense  effectiveness  of  disciplined  codperation. 
They  have  found  within  themselves  unsuspected  power  to  dare  and 
to  do  and  to  lead.  Let  no  one  fancy  that  the  return  to  the  ranks  of 
industry  of  these  hosts  of  young  crusaders,  who  have  gone  throu^ 
hell  to  make  the  world  a  decent  place  to  live  in,  will  not  add  a  tremen- 
dous ferment  to  the  social  and  economic  unrest.  They  are  going  to 
demand  that  democracy  in  government  find  its  counterpart  in 
democracy  in  industry;  that  Ufe  yield  them  something  more  than  the 
day's  wage,  —  that  it  give  them  something  of  the  zest  of  adventure, 
of  opportunity  for  advancement,  of  chance  for  independent  leader- 
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ship.    Where  shall  these  ambitions  and  restless  energies  find  an 
outlet? 

In  the  strain  to  which  oiur  institutions  are  sure  to  be  subjected  in 
the  years  that  lie  immediately  before  us,  the  small  industry  may 
render  service  of  incalculable  importance  tjo  American  democracy. 
It  offers  scope  for  ambitious  young  men  to  rise  from  the  ranks  to 
positions  of  leadership.  It  keeps  rdations  human  between  employer 
andworkmen.  It  gives  the  Ue  to  tiie  class-conscious  radical's  asser- 
tion that  America  is  divided  into  two  hostile  camps,  the  bourgeois 
and  the  proletariat.  When  the  Allies  shall  have  succeeded  in  making 
the  world  safe  for  democracy,  the  small  industry  may  have  no  small 
part  in  making  democracy  safe  for  the  world. 
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THE   WORKMAN'S   HOME 

ITS  INFLUENCE  UPON  PRODUCTION  IN  THE  FACTORY  AND 

LABOR  TURNOVER 

Bt  Lbblib  H.  Allen/  Boston,  Mass. 
Non-Member 

Recent  inoeatigations  have  shown  that  one  of  the  most  important  causes  of  the 
present  abnormal  labor  turnover  is  the  lack  of  syfficient  home^  for  the  population 
around  industrial  plants,  A  qwestionnairCt  prepared  and  circulated  by  the  company 
with  which  the  author  is  connected^  elicited  840  refjplieSf  from  which  many  interesting 
arid  valuaJble  extracts  are  given.  From  a  study  of  these  replieSt  the  general  impres- 
sion is  gained  that  the  causes  of  the  labor  turnover  today  are  improper  or  insufficient 
housing,  inadequate  transportation,  the  general  resilessriess  usual  in  war  times,  and 
a  lack  of  care  in  placing  men  in  positions  for  which  they  are  best  fitted. 

One  point  that  an  investigation  of  housing  conditions  has  brought  out  is  that  the 
ivpe  of  house  in  which  the  workingman  is  generally  lodged  is  not  suited  to  his  needs 
and  is  often  beyond  his  earning  power  to  support.  Three-  and  four^oom  apartments 
and  four-  and  five-^oom  houses  are  an  experimental  type  meeting  with  considerable 
success.  A  certain  minimum  requirement  must  be  met,  which  should  include  a 
goodrsized  living  room  for  general  txse,  sleeping  rooms  of  sufficient  number  and  size 
to  meet  health  demands,  and  adequate  plumbing  facilities. 

'PHE  events  of  the  past  twelve  months  have  shown  up  in  no 
uncertain  way  many  serious  defects  in  the  structure  of  our 
social  system.  So  many  things  in  which  we  prided  ourselves  and 
rested  with  confidence  have  fallen  apart  or  shown  essential  weaknesses. 
The  earnest  efforts  of  all  who  have  at  heart  the  welfare  of  our  country 
and  its  people  are  needed  to  redesign  and  reconstruct  the  defective 
parts  of  our  social  machinery  in  order  that  we  may  maintain  the 
leadership  of  democratic  nations  that  we  now  hold  and  enjoy. 

2  Among  the  industrial  and  economic  problems  which  have 
disdosed  themselves  and  are  pressing  for  an  immediate  solution 
is  that  of  the  housing  of  the  working  classes,  the  subject  of  this 
paper. 

^  Aberthaw  Construction  Company. 

Presented  at  the*  Spring  Meeting,  Worcester,  Mass.,  Jmie  1918,  of  The 
American  Socibtt  of  Mechanical  Engineebs. 
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3  Let  it  be  recognized  at  the  outset  that  this  problem  is  entirely 
distinct  from  that  of  the  housing  of  the  poor,  a  problem  of  equal 
urgency  and  of  greater  difficulty,  a  problem  in  which  we  all  are,  or 
ought  to  be,  equally  interested. 

4  The  high  wages  that  now  prevail  are  not  bringing  to  the 
workingman  either  wealth  or  comfort.  The  shorter  hours  that  the 
unions  have  devoted  so  much  time  and  effort  to  secure  have  not 
produced  any  corresponding  improvement  in  the  workman's  condi- 
tion. This  is  largely  because  the  workman  is  imable  to  secure  a 
comfortable  home  in  which  to  enjoy  his  hours  of  leisure.  If  he 
earns  high  wages  rents  are  raised  by  landlords  and  prices  of  other 
commodities  go  up  in  Uke  manner,  and  in  growing  centers  of  industry 
houses  are  usually  impossible  to  obtain.  At  the  present  time,  when 
the  cost  of  building  is  so  high,  new  houses  are  not  being  built  to 
acconmiodate  the  growth  of  population  and  the  result  is  an  alto- 
gether disgraceful  amount  of  overcrowding;  it  is  practically  impos- 
sible for  any  workman,  skilled  or  unskilled,  coming  to  a  new  town 
to  bring  his  family  with  him;  he  has  to  come  alone  and  crowd  in  as 
a  lodger  with  others. 

LACK  OF  HOUSING  A  FREQUENT  CAUSE  OF  LABOR  TURNOVER 

5  Recent  investigations  have  shown  that  one  of  the  most  im- 
portant causes  of  the  present  abnormal  labor  turnover  is  the  lack  of 
sufficient  homes  to  house  the  population  around  industrial  plants 
and  the  altogether  unsatisfactory  nature  of  such  houses  as  there 
are. 

6  It  is  hardly  necessary  in  this  paper  to  present  figures  regarding 
labor  turnover  to  a  meeting  of  engineers;  it  is  a  pressing  probl^n 
that  you  all  know  more  about  than  the  speaker.  Ten  years  ago  we 
should  have  felt  rather  ashamed  of  a  turnover  of  100  per  cent  per 
annum.  Many  large  plants  now  consider  themselves  very  fortunate 
if  they  can  get  below  300  per  cent.  Those  who  do  not  keep  track  of 
their  figures  may  be  inclined  to  dispute  this.  But  those  ndio  throu^ 
their  employment  department  keep  records  of  their  labor  turnover  will 
all  bear  out  this  general  statement. 

7  The  fact  is,  that  in  spite  of  high  wages  the  living  conditions 
in  our  manufacturing  centers  are  so  miserable  that  a  workman  can- 
not endure  a  long  stay  in  one  place,  and  he  soon  throws  up  his  job 
and  moves  on  to  the  next  town  for  the  sake  of  a  change  in  the  vain 
hope  that  he  will  find  something  better  than  the  conditions  he  baa 
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just  I^.  Such  men  separated  from  their  fomilieB,  and  roaming 
firma  place  to  plaoe  soon  d^fenerate  into  the  ''floater''  class  thi^t  is 
Boch  a  l»g  problon  to  our  employment  dq[>artmenis. 

BUSUIOB  OF  A  QUXSnONNAIBB  OK  MBANB  OT  BKDtJCINa  LABOB 

TUBNOVSB 

8  In  order  to  bring  out  more  clearly  the  imp(»tanoe  of  good 
and  adequate  housing  as  a  means  of  reducing  labor  tumovWy  the 
Aborthaw  Ccnnpany  has  just  prepared  and  circulated  a  questionnaire 
among  en^doyers  ci  labor,  asking  for  figures  on  their  labor  turnover 
and  on  the  character  and  sufficiency  of  the  house  accommodations 
around  thdr  plants.  Prior  to  this,  as  far  as  could  be  ascertained, 
no  data  had  been  assembled  on  this  relatioui  although  the  opinion 
has  be^  widely  held  that  housing  has  an  important  influence  on 
labor  tomover. 

9  Eight  hundred  and  forty  repUes  were  leceiYed,  containing 
a  nuysB  of  most  interesting  inf<»mation.  Hie  replies  were  from 
tjittcal  plants  in  the  eastern  and  middle-western  states,  some  in 
dties  and  some  in  small  towns,  and  may  be  taken  as  a  fair  average 
statement  of  conditions. 

10  As  we  expected,  only  a  smaQ  proportion  (18|  per  cent) 
of  our  correspondents  kept  any  record  of  their  ''hiring  and  firiiig;" 
of  those  who  had  kept  records  on  turnover  nearly  a  third  had  started 
keeping  their  records  within  a  year. 

11  Very  few  of  those  answering  stated  that  they  housed  all 
their  help,  but  17  per  cent  owned  some  houses. 

12  In  answer  to  our  request  for  an  expression  of  opinion  as 
to  the  influence  of  good  housing,  nesirly  all  replied  that  it  was  a 
benefit  to  a  manufacturing  plant,  tended  to  hold  the  men  and  made 
them  more  contented  and  happier,  but  there  was  some  division  of 
opinion  as  to  whether  it  reduced  time  lost  through  sickness. 

13  The  opinion  is  held  by  all  manufacturers  located  in  large 
cities,  such  as  New  York,  Philadelphia  and  Buffalo,  that  in  very 
large  communities  housing  has  no  bearing  upon  labor  supply  —  with 
the  exception  of  one  firm  in  Detroit,  which  attributes  a  large  reduc- 
tion in  turnover  to  selecting  its  new  employees  from  those  who  live 
within  half  a  mile  of  the  plant.  No  firm  in  a  very  large  city  shows 
any  interest  in  housing,  although  in  many  cases  the  turnover  is  just 
as  large. 

14  Table  1  has-  been  compiled  from  the  answers  received.    It 
indicates  that  over  50  per  cent  of  plants  reporting  turnover  which 
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have  adequate  housing  around  them  have  a  turnover  below  50  per 
cent,  while  only  one-third  of  the  plants  where  housing  is  insufficient 
report  as  low  a  turnover  as  this. 

15  Combining  all  plants  reporting  a  turnover  of  less  than  100 
per  cent,  the  figures  are  only  slightly  in  favor  of  those  which  have 
adequate  housing;  above  this  point  the  advantage  rests  with  the 
well-housed  plants. 


EXTRACTS  FROM  REPLIES  TO  QUESTIONNAIBS 

16  The  figures  obtained  cannot  be  called  conclusive  —  of  far 
greater  interest  and  value  are  the  replies  returned  with  the  ques- 
tionnaire, some  of  the  more  interesting  of  which  follow: 

TABLE  1     RELATION  BETWEEN  LABOR  TURNOVER  AND  HOUSINQ 


Turnover 


P«roentas0  of  locnlitiM 

reportinf  adequate 

liouaioc 


Peraeatese  of  looalities 


Len  than  60  per  cent 
60  to  100  per  cent... 
100  to  200  per  cent... 
200  to  800  per  cent... 
300  to  400  per  cent... 
Over  400  per  cent 


M 

S6 

14 

6 

8 

S 


17  A  Pennsylvania  mill  has  some  very  positive  evidence  of  the 
cash  value  of  good  housing.    Their  manager  writes  us: 

Our  two  blast  furnaces  are  located  about  twenty  miles  apart,  and  between 
them  m  the  blast  furnace  of  a  rival  company.  We  consider  our  housing  facili- 
ties superior  to  theirs,  and  to  give  you  an  idea  of  the  e£fect  of  this  would  state 
that  for  years  past  tney  have  had  to  pay  more  per  day,  of  the  same  number  of 
hours,  for  all  of  the  men  they  employ  around  their  plant. 

Hardly  a  month  goes  by  that  we  do  not  get  some  men  to  come  to  us  from  this 
rival  furnace,  stating  that  the  reason  for  moving  is,  though  they  get  less  wages, 
the  housing  conditions  are  better  around  our  plants. 

18  A  small  Connecticut  town  of  home  owners  seems  well  con- 
tent, as  one  reply  says: 

A  great  many  of  our  employees  own  their  own  homes,  a  faotor  which  tends 
to  hold  the  men,  makes  them  more  contented  and  happier  and  is  evidence  of  an 
earning  power  greater  than  in  many  lines  of  industries. 

19  The  experience  of  the  general  manager  of  one  of  our  largeBt 
collieries^confirms^the  views  expressed.    He  says: 
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From  dose  obeenration  and  study  of  results  experienced  at  fourteen  operat- 
ing ooUieries,  I  can  state  specifically  that  where  housing  conditions  excel  there 
the  better  class  of  labor  exists,  as  is  demonstrated  by  higher  efficiency  in  their 
work,  and  cleaner  play  during  their  play  time. 

At  such  of  these  collieries  operated  by  this  company  where  conveniences 
of  a  modem  character  have  been  placed  at  the  disposal  of  workmen  and  their 
famifieB,  our  labor  is  of  the  most  efficient  and  also  of  the  most  stable  character. 
We  have  found  under  these  good  conditions  that  even  though  the  man  did  not 
fuDy  appreciate  the  conveniences  provided,  in  a  great  many  instances  after  he 
and  his  family  had  moved  away  the  wife  has  written  to  our  superintendents 
asking  if  her  husband  can  be  placed  at  work  again,  and  if  a  house  can  be  obtained. 
At  other  of  our  collieries,  especially  those  acquired  by  purchase  after  housing 
plans  had  been  fuUy  developed  under  the  previous  owners,  we  have  observed 
that  where  inadequate  thou^t  and  consideration  had  been  given  to  house  plans 
and  conveniences  difficulty  was  experienced  in  retaining  the  desired  class  of  labor, 
even  though  the  working  conditions  at  the  mine  were  equal  to  the  working  con- 
ditions at  our  coUieries  built  throughout  by  ourselves. 

20  Mr.  E.  H.  Barnes,  superintendent  of  the  large  General  Elec- 
tric Co.  Works  at  Fort  Wayne,  Ind.,  writes  us: 

The  question  of  companies  building  houses  and  renting  them  to  their  em- 
pbyees  is  one  which  very  few  people  seem  to  agree  on.  Personally  I  think  that 
any  company  makes  a  mistake  in  doing  this.  The  working  people  as  a  whole 
meped  some  ulterior  reason  for  the  company's  apparent  beneficence.  To  the 
average  American,  who  usually  has  very  fixed  ideas  about  these  matters,  it  is 
more  or  less  repugnant. 

21  From  another  metal-working  firm  we  have: 

We  know  that  good  housing  tends  to  hold  the  men,  as  we  find  that  many  men 
give  their  excuse  for  leaving  us  that  they  cannot  always  obtain  the  kind  of  a  house 
they  desire. 

22  A  Massachusetts  textile  concern  is  desirous  of  seeing  his  men 
home  owners  independently  of  his  company: 

As  a  general  proposition  there  is  no  question  but  what  good  housing  near  the 
plant  is  a  benefit  to  any  manufacturing  business  located  in  the  coimtry.  We  arc 
under  the  impression,  however,  that  good  housing  built  by  other  people  is  of  more 
benefit  to  the  community  and  the  manufacturing  plant  than  housing  controlled 
by  the  manufacturing  plant  itself. 

We  believe  that  a  plan  that  enables  the  employee  to  build  and  own  his  own 
house  is  a  benefit  to  the  community,  to  the  employer  and  to  the  employee. 

23  A  well-known  crane  manufacturer  writes: 

From  the  fact  that  nearly  all  of  the  company  capital  is  needed  in  its  business 
it  is  a  very  difficult  matter  for  them  to  divert  much  of  it  to  the  construction  of 
new  houses,  much  as  they  would  like  to  do  so. 

We  find  that  the  employees  were  very  anxious  to  buy  these  houses,  but  of 
course,  the  biu*den  of  the  expense  will  have  to  be  carried  by  the  company  for 
approximately  ten  years. 
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We  consider  it  desirable  to  have  as  many  of  our  employees  own  their  homes 
as  possible,  because  it  makes  them  more  thrifty  and  their  families  are  better 
satisfied  ordinarily,  because  of  the  added  interest. 

While  we  have  no  definite  statistics  relative  to  the  time  lost  by  men  who  are 
properly  housed  and  those  who  are  not,  we  are  of  the  opinion  that  a  man  working 
to  pay  for  his  own  home  will  not  lose  any  more  time  than  is  necessary  and  there- 
fore will  be  on  the  job  as  steadily  as  it  is  possible  for  him  to  be.  The  satisfaction 
of  owning  one's  own  home  and  improving  it  is  real.  So  far  as  we  can  recall  we 
have  only  had  one  man  who  has  bought  his  home  leave  the  employ  of  the  com- 
pany in  the  past  three  years. 

24  Mr.  W.  H.  Ham,  Manager  of  the  Bridgeport  Housing  Com- 
pany, comments  on  the  prevailing  ''restlessness"  and  has  some 
important  and  interesting  suggestions  to  make. 

Labor  is  restless  at  the  present  time.  The  single  man  is  bound  to  be  a  rover. 
The  young  married  man  is  somewhat  better,  but  still  has  a  tendency  to  rove  and 
to  seek  better  conditions  and  better  wages  because  of  lack  of  ties.  The  unmarried 
man  should  be  free  from  any  restraints  which  would  handicap  his  ability  to 
advance  himself.  My  feeling  is  that  the  best  way  to  prevent  roving  of  the 
harmful  type  is  to  build  up  the  associations  in  manufacturing  towns  to  such  an 
extent  that  the  unmarried  man  may  have  membership  in  proper  kinds  of  associ- 
ations, which  will  teach  him  to  advance  rather  than  stay  still.  Sports  for  both 
winter  and  simuner  are  very  important  items. 

I  beUeve  in  the  school  for  advancement  of  knowledge  in  the  trade  and  the 
wholesome  surroimdings  of  a  sufficient  number  of  playgrounds  so  that  we  can 
have  athletics  for  a  very  much  laiger  number.  This  will  have  a  great  deal  to  do 
with  the  turnover  of  the  immarried  man  in  the  factory. 

25  Here  is  a  manufacturer  in  trouble.    He  states: 

Our  problem  is  housing  single  foreigners,  who  are  more  or  less  transient. 
They  keep  no  heat  during  the  day,  freeze  all  water  pipes,  live  without  furniture, 
and  have  wrecking  parties  occasionally.  Have  suggested  heated  barracks  with 
common  lounging  room,  kitchen  and  food  store,  but  they  do  not  favor  this  on 
account  of  group  likes  and  dislikes. 

26  Experiences  like  this  are  common  where  proper  regulation 
and  inspection  is  not  carried  out.  But  the  experience  of  the  Octavia 
Hill  Association  and  many  others  shows  that  even  in  the  worst 
localities  tenants  can  be  made  to  Uve  decently  and  treat  houses 
properly. 

CAUSES  OF  LABOR  TURNOVER  AS  SHOWN  FROM  RBPLIS8 

27  The  general  impression  gained  from  a  study  of  these  and 
many  other  letters  establishes  the  following  causes  of  labor  tumov^ 
today: 

a  Improper  or  insufficient  housing 
b  Inadequate  transportation 
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e  The  general  restlessness  due  in  part  to  the  abnormal  war 

conditions 
d  ''Misfits''  — lack  of  care  in  employing  men  for  work  for 

which  they  are  best  fitted. 

28  An  important  cause  not  touched  on  by  any  of  my  corre- 
spondents is  the  lack  of  proper  relations  between  employer  and 
employee,  under  which  heading  I  would  include  lack  of  supervision 
of  the  hiring  and  firing  of  men,  lack  of  care  or  interest  in  the  men, 
friction  with  the  labor  unions,  etc. 

29  We  cannot  state  definitely  which  of  these  is  the  most  potent 
cause  of  trouble;  but  enough  has  been  said  to  justify  the  statements 
made  in  the  earlier  parts  of  this  paper  on  the  supreme  importance 
of  good  housing. 

30  The  lack  of  good  and  sufficient  houses  is  now  recognized  as 
a  most  important  industrial  factor.  Because  of  it  factories  are  losing 
men,  losing  work,  losing  output  and  losing  profit. 

THE  workman's  hoicb:  how  it  should  be  Bun/r 

31  One  of  the  striking  points  brought  out  in  every  investigation 
of  the  housing  of  the  working  classes  is  that  the  workman  is  never 
housed  in  a  building  designed  to  ?uit  his  needs.  New  houses  are 
always  built  to  suit  the  requirements  of  those  above  him  in  earning 
power  and  standards  of  living.  When  such  houses  become  dilapidated 
or  neighborhood  conditions  change  he  enters  the  houses  and  adapts 
himiself  to  them  as  best  he  can.  Comparatively  few  workingmen 
need  a  six-  or  seven-room  house  or  can  afford  to  occupy  them  without 
subletting  half  of  the  house  or  taking  lodgers. 

32  Some  of  the  worst  housing  conditions  we  find  are  in  old 
mansions  stranded  by  the  receding  tide  of  fashion  and  now  occupied 
by  four  or  five  families,  all  sharing  the  same  toilet  and  water  supply. 

33  The  experiment  is  now  being  tried  in  many  localities  of 
building  three-  and  four-room  apartments  and  four-  and  five-room 
houses  with  much  success.  The  workman  as  a  rule  does  not  desire 
to  have  the  privacy  of  his  home  invaded  by  lodgers  and  welcomes 
the  opportunity  to  live  in  a  small  house  or  apartment  without  them. 

34  Any  discussion  of  the  kind  of  house  he  requires  should  be 
prefaced  by  a  statement  drawing  a  distinction  between  the  skilled 
workmen  and  the  unskilled.  The  former  are  usuaUy  Americans  or 
live  according  to  American  standards;  the  latter  are  mostly  foreign- 
bom  or  negroes,  receive  lower  rates  of  pay  and  do  not  desire  (or  if 
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they  do  desire,  cannot  afford)  all  the  refinements  and  conveniences 
that  are  usually  built  in  the  American  home. 

35  There  is  a  certain  minimum,  however,  that  we  all  agree  should 
govern  the  design  of  any  workman's  home.  He  should  have  at 
least  one  living  room  for  general  use  of  an  area  not  less  than  150  sq. 
ft.  entirely  separate  from  his  sleeping  rooms,  and  he  should  have 
enough  bedrooms  for  himself  and  for  his  children  of  different  sexes 
to  sleep  apart,  each  bedroom  having  at  least  400  cu.  ft.  of  air  space 
per  occupant,  and  every  room  having  direct  sunlight  and  ventilation 
through  windows  of  ample  size.  Every  tenant  should  have  his  own 
private  toilet  equipped  with  water  closet  and  bath  tub,  and  a  sink 
with  running  water  in  the  kitchen;  all  plumbing  should  be  con- 
nected to  the  sewer  and  pure  water  for  drinking  be  suppUed  through 
faucets  in  the  kitchen  and  bathroom. 

36  American  standards  demand  in  addition  separate  parlors, 
separate  dining  rooms,  pantries,  large  cellars,  porches,  furnace  heat, 
electric  light,  laimdry  tubs,  lavatory  bowls,  etc.  All  these  are 
desirable  and  should  be  provided  if  possible,  but  are  not  essential. 

37  In  discussing  types,  methods  and  materials  of  construction 
ought  not  to  be  omitted.  The  difference  in  first  cost  between  good 
construction  and  poor  construction  is  not  great  and  is  speedily 
amortized  in  reduction  of  repair  bills. 

38  The  difference  in  cost  between  a  six-room  frame  house  and 
one  of  brick,  concrete  or  tile  is  at  present  prices  less  than  15  per  cent. 
The  price  of  the  lot  is  the  same  in  either  case,  so  that  the  difference 
between  a  frame  house  costing  $3000  and  lot  worth  $600  and  a  brick 
house  on  same  lot  would  be  about  $450  or  8  per.  cent.  Assuming 
5  per  cent  for  interest,  the  saving  of  triennial  outside  painting  would 
more  than  repay  interest  on  his  extra  investment.  By  setting  a  lower 
rate  for  depreciation  and  amortization,  it  is  possible  to  rent  such  a 
house  at  as  low  a  rate  as  a  frame  house  of  the  same  size. 

THE  workman's  HOBiE:  THE  FINANCIAL  PROBLEM 

39  The  greatest  obstacle  to  the  continuous  development  of 
industrial  housing  on  right  lines  is  the  financial  problem,  so  difficult 
alike  for  employee  and  employer  to  overcome. 

40  Most  of  our  workmen,  skilled  or  unskilled,  are  not  home 
owners.  The  margin  between  income  and  living  expenses  is  so 
small  that  the  heavy  initial  payments  required  and  the  difficulty 
of  clearing  off  second  mortgages  make  it  extremely  difficult  for  a 
man  below  the  grade  of  foreman  to  purchase  his  home. 


LESLUB  H.  ALLEN  228 

4L  Where  a  lot  is  purchased  with  the  hope  of  building  a  home 
later,  the  hope  is  sddom  realised,  and  frequently  such  a  purchase 
is  disastrous.  The  home  seeker,  mided  by  specious  promoters,  is 
faced  with  lai^  unexpected  assessments  for  betterments  at  incon- 
venient times  and  often  loses  all  he  has  invested.  He  rarely  ac- 
cumulates enough  funds  to  start  building. 

42  The  manufacturer,  too,  is  faced  with  sunilar  difficulties. 
The  amount'  of  capital  required  to  provide  housing  for  his  men  is  very 
mudi  greater  than  the  amount  required  to  house  his  plant. and  ma- 
chinery, and  the  administration  of  real  estate  either  for  rental  or 
purchase  presents  many  difficulties. 

43  C!ompany  housing  is  necessary  for  a  mine  or  other  isolated 
industry.  Textile  mills  and  other  industries  paying  a  relatively  low 
wage  are  forced  into  company  housing  at  low  rentals  through  the 
dedre  to  keep  wag^  down,  but  the  shoe,  automobile  and  other  highly 
paid  trades  very  rarely  go  into  industrial  housing  work.  But  at 
the  present  time  in  order  to  keep  down  turnover  and  keep  labor 
content,  all  trades  are  finding  housing  to  be  one  of  the  burning 
questions  of  the  hour. 

44  Among  the  essential  factors  in  the  development  of  a  housing 
entaprise  are  the  following: 

a  The  construction  of  permanent  fire-resisting  buildings 
which  will  not  depreciate  rapidly  and  therefore  will  serve 
as  security  for  long-term  loans 

b  The  treatment  of  a  housing  development  as  an  artistic 
whole  by  a  competent  city  planner  and  architect  so  as  to 
reap  as  large  an  increment  as  possible  in  the  rise  of  real- 
estate  values 

c  The  sale  to  the  workmen  of  as  many  houses  as  possible  on 
easy  terms  spread  over  a  long  period,  the  payments  being 
arranged  in  a  simple  manner  to  cover  insurance  and  taxes, 
as  well  as  interest  and -repayments  of  principal 

d  The  establishment  of  a  definite  financial  policy  covering 
rented  property,  including  the  establishment  of  a  sinking 
fund  to  take  care  of  depreciation  and  obsolescence  with 
the  intention  of' amortizing  the  equity  before  the  mort- 
gages fall  due 

e  The  elimination  of  profit  in  selling  of  bouses  to  workmen 
beyond  a  reasonable  interest  on  investment 

/  Reducing  the  capital  invested  by  selling  a  small  proportion 
of  the  property  in  the  open  market  at  a  reasonable  profit 
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g  Careful  management  of  property  and  strict  regulation  of 
tenants  particularly  with  regard  to  those  who  become 
t    nuisances  or  cause  undue  damage  to  property. 

45  In  entering  the  housing  field  on  a  large  scale  the  manufac- 
turer can  utilize  the  services  of  the  large  general  contractor  who, 
buying  at  wholesale  prices  in  the  best  market,  and  with  well-trained 
gangs  of  men,  can  build  at  lower  prices  than  the  local  speculative 
builder  and  produce  better-built  buildings.  The  cost  of  these 
buildings  to  the  manufacturer  is  therefore  considerably  less  than 
the  real-estate  value.  In  addition  to  this,  the  value  of  the  land  plus 
improvements  is  far  more  than  the  cost  of  the  land  and  improvements, 
and  this  value  usually  increases  year  by  year  provided  that  values 
are  kept  alive  by  trading.  The  manufactiu*er  is  advised  not  to  realise 
on  this  increase  in  land  values  when  seUing  houses  to  his  workmen, 
provided  he  can  protect  himself  against  the  workman's  speculating 
in  the  land  to  his  disadvantage,  but  he  is  certainly  justified  in 
regaining  some  of  this  value  by  sales  to  other  parties  in  the  open 
market. 

46  In  the  spring  the  writer  surveyed  a  six-acre  tract  belonging 
to  a  Connecticut  manufactiu^er.  The  land,  acquired  when  the  mill 
was  built  many  years  ago,  was  valueless  for  manufacturing  buildings 
owing  to  its  topography  and  location  and  had  been  written  down 
on  the  books  at  a  very  low  figure.  Plans  were  prepared  showing  the 
improvements  necessary  to  develop  the  land  for  housing,  the  cost  of 
the  improvements  being  estimated  at  $15,000.  The  value  of  the  im* 
proved  land  after  this  work  had  been  done  was  estimated  by  local 
real-estate  men  at  $40,000.  On  this  site  it  is  planned  to  build 
housing  for  thirty-five  famiUes  at  a  cost  of  $120,000.  The  estimated 
real-estate  value  of  these  buildings  is  placed  at  $132,000  as  the 
manufacturer  estimated  that  10  per  cent  would  be  saved  by  having 
the  whole  development  done  at  once  by  a  good  general  contractor. 
The  manufacturer  plans  to  sell  ten  houses  of  this  development  in 
the  open  market  at  a  price  of  $6000  each;  his  net  expenditure  would 
then  be  reduced  to  $75,000.  The  real-estate  value  of  the  premiaes 
unsold  is  estimated  at  $112,000,  on  which  he  plans  to  secure  a  mort- 
gage of  $50,000,  leaving  a  net  capital  expenditure  of  $25,000  to  secure 
housing  for  twenty-five  families.  These  houses  he  plans  to  rent  to 
his  men,  or  sell  at  cost  to  those  who  wish  to  buy  and  will  undertake 
not  to  resell  at  once. 

47  In  order  to  protect  against  reselling  it  is  advisable  for  the 
manufacturer  to  retain  an  option  on  the  property  if  the  man  widies 
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to  dispose  of  it.  Another  plan  is  that  adopted  by  the  Goodyear 
Company  who  have  added  25  per  cent  to  the  net  cost  of  the  improved 
land  and  buildings  when  selling,  with  the  understanding  that  the 
25  -per  cent  would  be  returned  or  rebated  in  five  years  to  the  pur- 
chasers if  they  remained  till  then  in  the  ComDan3r's  employ.  After 
that  they  were  free  to  dispose  of  the  propefj^  at  will.  This  eeema 
to  be  a  fair  solution  of  the  problem;  it  would  be  manifestly  unjust 
to  make  the  option  or  restriction  a  perpetual  one. 

48  The  calculation  of  land  increment  may  seem  like  the  pro- 
verbial ''ooimting  your  chickens  before  they  are  hatched''  and  can- 
not be  reckoned  on  in  every  case.  In  most  places,  however,  it  holds 
true,  a  striking  escample  being  that  of  Gary,  Indiana.  Accord- 
ing to  a  report  by  Dr.  Haig  to  the  Committee  on  New  Industrial 
Towns,  the  cost  of  the  town  site  was  f oim'd  to  be  $7,057,000.  The 
cost  of  improvements  was  $4,030,000,  making  a  total  of  $11,087,000. 
The  value  now  stands  at  $33,445,000,  an  increase  of  $22,358,000 
(over  200  per  cent),  all  of  which  has  been  dissipated  among  private 
owners  and  speculators. 

49  A  similar  report  by  Mr.  Swan  on  Lackawanna,  New  York, 
shows  a  land  cost  of  $1,983,000,  improvements  $245,000  —  a  total 
cost  of  $2,228,000.  The  value  now  stands  at  $9,026,000,  an  in- 
crement of  $6,788,000  (over  300  per  cent). 

50  It  is  generally  considered  that  it  is  in  a  man's  best  interests 
to  own  his  own  home.  Several  manufacturers  are  making  it  easy  for 
him  to  do  so  by  furnishing  him  the  home  at  cost  and  accepting  small 
monthly  payments  spread  out  over  a  long  term  of  years.  It  is  found, 
for  instance,  at  Indian  Hill  —  the  housing  development  of  the 
Norton  Company,  Worcester,  Mass.  —  that  a  man  can  buy  a  $4000 
home  by  a  10  per  cent  first  payment  followed  by  payments  of  $25 
a  month,  plus  taxes  and  insurance.  His  monthly  payments  take  care 
of  interest  and  refunding  of  second  mortgage  and  in  twelve  years  leave 
him  with  a  first  mortgage  of  $2500. 

51  Added  inducements,  such  as  "term"  life  insurance  for  the 
value  of  the  home  for  the  repayment  period,  add  very  slightly  to  the 
cost  per  month,  and  secure  the  ownership  of  the  equity  to  the  wife  in 
the  event  of  the  man's  death.  Some  manufacturers  prefer  to  pay 
taxes  also  and  collect  in  monthly  or  weekly  payments  from  the  pur- 
chaser. 

52  In  all  these  long-payment  schemes  the  importance  of  good 
construction  as  a  security  against  depreciation  on  long-term  invest- 
ment cannot  be  overemphasized. 
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53  Id  conclusion,  let  it  be  said  that  the  housing  problem,  while 
presenting  many  difficulties,  is  not  an  impossible  one  to  solve,  and  at 
the  present  crisis,  when  it  has  been  shown  to  be  such  a  vital  factor 
in  the  winning  of  the  war,  it  is  the  duty  of  us  all  to  study  it  and 
endeavor  to  find  a  way  in  which  the  questions  involved  shall  be 
happily  and  satisfactorfly  settled. 


No.  1649 

THE  ECONOMICAL  USE  OF  FUEL 

A  SYMPOSIUM   ON   FUEL    CONSERVATION,   PARTICULARLY    IN 
RELATION  TO  CONDITIONS  BROUGHT  ABOUT  BY  THE  WAR 

AN  the  following  pages  will  be  found  selections  from  the  discus- 
^  fflons  received  in  response  to  a  questionnaire  issued  for  the 
Fuel  Session  of  the  Spring  Meeting  at  Worcester,  Mass.,  June,  1918. 
These  are  grouped  under  the  several  heading?  to  which  their  subject- 
matter  applies,  and  in  preparing  them  for  publication  conciseness 
bas  been  sought  through  avoiding  duplication  of  matter  on  any 
given  topic. 

The  questions  upon  which  discussion  was  solicited  are  as  follows : 

1  What  Are  the  Economic  Effects  of  Impurities  in  Coal? 

2  To  What  Extent  Is  Fuel  OU  likely  to  be  Used  as  a  Substitute  for  Coal? 

3  How  Can  Soft  Coal  Be  Burned  Without  Smoke  in  Marine  .Boikra  7 

4  What  Are  the  Possibilities  in  the  Direction  of  the  Utilisation  of  Anthracite 

Wastes? 

5  What  Instruments  Are  Useful  and  Desirable  in  the  Boiler  Room  as  Aids  in 
Saving  Coal? 

6  What  Is  Essential  to  the  Economical  Operation  of  Hand-Fired  Boiler  Fur- 
naces When  Using  Soft  Coal? 

7  To  What  Kinds  of  Plants  and  Coals  are  the  Different  Types  of  Mechanical 
Stokers  Respectively  Adapted,  and  What  Is  the  Limiting  Factor  to  Their 
Use  in  the  Small  Plant? 

8  What  Experience  Have  You  Had  in  the  Use  of  Wood  as  Fuel?  To  What 
Extent  Is  Wood  Available  as  a  Fuel? 

d  What  Coal  Economies  Can  Be  Effected  in  Residence  Heating? 

.  10  What  Coal  Economies  Can  Be  Effected  in  the  Small  Steam  Plants? 

11   What  Experiences  Have  You  Had  With  the  Storage  of  Coal? 

12(a)  To  What  Extent  and  Where  Will  the  Gas  Producer  be  Used  to  Produce 
Economies? 

12(6)  To  What  Extent  is  Natural  Gas  Being  Used  as  a  Fuel  for  Power  Pur- 
poses? 

12(c)    What  is  the  Relative  Economy  of  the  Locomotive  of  1900  and  Today? 

12(d)    What  Proportion  of  the  Coke  is  Made  in  By-product  Ovens? 

12(e)  What  are  New  and  Important  Developments  in  Methods  of  Burning 
Coal? 
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12(f)     What  Economies  Have  Resulted  from  Recent  Practice  in  Making  Brick 

Settings  Leakless? 
I2{h)    Is  Automatic  Air  Supply  Correctly  Proportioned  to  Coal  Supply  Poa- 

sible? 
12(0     Miscellaneous  —  School  Heating  —  Insulation  —  Smoke  Prevention. 

Preceding  the  contributions  on  the  specific  topics  of  the  question- 
naire are  the  following  five  papers  of  an  introductory  character 
which  were  presented  at  the  meeting. 


THE  GOVERNMENT'S  PLAN  FOR  FUEL 

CONSERVATION 

By  David  Moffat  Myers,*  New  York,  N.  Y. 
Member  of  the  Society 

A  S  a  member  both  of  The  American  Society  of  Mechanical  En- 
gineers  and  of  the  United  States  Fuel  Administration,  it  gives 
me  pleasure  to  report  the  positive  and  progressive  measures  which 
have  been  taken  by  the  Government  for  effecting  fuel  conservation  in 
power  plants  and  on  railroads  since  the  last  annual  meeting  of  this 
Society,  in  December,  1917.  At  that  meeting,  in  my  paper  on 
Preventable  Waste  of  Coal  in  the  United  States,  a  saving  of  50  to 
100  milUon  tons  per  year  was  shown  to  be  possible,  and  suggestions 
were  made  as  to  measures  for  effecting  this  economy.  I  am  not 
overstepping  the  mark  when  I  state  that  the  national  program  which 
I  will  outline  to  you,  was  planned,  presented  and  organized  by  mem- 
bers and  committees  of  the  national  engineering  societies. 

As  a  result,  a  Fuel  Engineering  Division  was  formed  in  the  United 
States  Fuel  Administration  in  Washington,  under  its  Bureau  of 
Conservation.  This  division  comprised  two  departments  —  Rail- 
roads and  Industries;  the  latter  covering  all  power  plants  not  be- 
longing to  railroads.  The  railway  department  was  placed  in  charge 
of  one  of  the  highest  authorities  in  this  field  in  the  country,  Major 
Mward  C.  Schmidt,  U.  S.  R.,  Mem.Am.Soc.M.E.,  who  was  trans- 
ferred by  Secretary  Baker  to  the  U.  S.  Fuel  Administration.  Major 
Schmidt  devised  and  developed  a  plan  of  organization  which  was  the 
work  of  a  master  mind.  It  was  authorized  by  the  Fuel  Adminis- 
tration and  endorsed  by  Mr.  McAdoo's  special  representative.  The 
Railway   Administration   determined   to   administer  the  program 

^  Advisory  Engineer  of  the  U.  S.  Fuel  Administration. 
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through  its  own  organization,  whereupon  Major  Schmidt  was  given 
over  to  that  administration,  for  the  continuance  of  the  work. 

At  present,  therefore,  the  Fuel  Engineering  Division  devotes  it- 
self exclusively  to  the  work  of  conservation  of  fuel  in  stationary 
power  plants,  and  in  the  efficient  use  of  steam  after  its  generation. 
The  organization  comprises  the  central  office  at  Washington,  with  an 
administrative  engineer  appointed  (or  to  be  appointed)  in  each  coal- 
using  state,  attached  to  the  Federal  Fuel  Administration  of  that 
state.  The  Administrative  Engineer  has  a  consulting  board  of 
competent  engineers,  and  a  staff  of  technical  and  clerical  assistants 
and  inspectors. 

The  plan  of  organization  involves   centralization  on  essential 
fundamentals  only.    These  are  uniform  for  all  states.    All  oth§r 
features  are  localized  and  extremely  elastic  in  their  numerous  rami- 
fications.   This  adopted  principle  renders  the  plan  workable  and 
effective  under  widely  varying  local  conditions  and  circumstances. 
The  fundamentals  of  the  national  program  are  as  follo¥rs: 
a  Personal  inspection  of  every  power  plant 
6  Rating  and  classification  of  every  power  plant  in  the  coun- 
try, in  five  classes,  depending  upon  the  thoroughness  with 
which  the  owner  conforms  to  the  recommendations  of  the 
U.  S.  Fuel  Administration 
c  At  the  discretion  of  the  Federal  Fuel  Administration  the 
supply  of  coal  to  any  needlessly  wasteful  plant  may  be 
curtailed  or  stopped. 
The  plan  is  now  in  operation  in  Pennsylvania,  the  largest  coal- 
consuniing  state,  and  also  in  Connecticut.     Other  states  which  have 
come  in  but  in  which  the  Administrative  Engineer  is  not  yet  ap- 
pointed, are  Massachusetts,  New  York,  New  Jersey,  Illinois,  Michi- 
gan, Wisconsin,  Indiana  and  Missouri. 

For  the  office  of  Administrative  Engineer,  men  are  required  of 
great  organizing  and  administrative  ability.  For  New  York  State, 
Mr.  Edward  N.  Trump,  Mem.Am.Soc.M.E.  and  vice-president  of 
the  Solvay  Process  Company,  has  patriotically  accepted  the  nomina- 
tion. Mr.  Thomas  R.  Brown,  the  first  Administrative  Engineer 
actually  appointed,  is  in  charge  of  the  western  district  of  Pennsyl- 
vania. The  second  appointment  was  that  of  Mr.  W.  R.  C.  Corson 
for  Connecticut,  an  officer  of  the  Hartford  Steam  Boiler  Insurance 
Company. 

The  standard  recommendations  of  the  United  States  Fuel  Ad- 
ministration are  substantially  as  follows : 
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a  Fuel,    That  means  be  provided  for  measuring  and  record- 
ing fuel  used  each  shift  or  day 
6  Water,    That  boiler  feedwater  be  heated  by  exhaust  steam 

or  waste  heat,  and  measured 
c  Air  Supply,    That  a  correct  amount  of  air  be  supplied  to 
the  fuel,  and  that  proper  means  be  provided  for  meas- 
uring and  regulating  the  draft 
d  Clean  Heating  Surfaces,  That  boiler  heating  surfaces  be 

kept  clean  inside  and  out 
e  Boiler  and  Furnace  Settings,    That  the  furnace  and  setting 

be  kept  in  good  repair  and  free  from  air  leakage 
/  Insulation,    That  exposed  steam  surfaces  wasting  heat  by 

radiation  be  covered  with  suitable  insulating  material 
g  Engine-Room  and  Heating  System.    That  wherever  pos- 
sible, exhaust  steam  be  utiUzed  to  the  exclusion  of  direct 
steam  from  the  boilers.     (The  plant  should  be  designed 
and  operated  to  produce  no  more  exhaust  than  can  be 
efficiently  utilized  in  heating  and  process  work.) 
h  Supervision.     (1)  That  a  competent  employee  or  committee 
be  detailed  to  supervise  the  work  of  fuel  conservation  in 
the  boiler  and  engine  plants;     and  (2)  that  a  competent 
committee  be  appointed  in  charge  of  the  work  of  fuel 
conservation  in  the  buildings  and  shops  outside  of  the 
power  plants. 
To  assist  in  this  work  the  United  States  Fuel  Administration 
has  prepared  a  fifty-minute  film  of  moving  pictures,  showing  good 
and  bad  operation  in  the  steam-boiler  plant,  methods  of  testing 
boilers,  fuels,  etc.    These  pictures  will  be  available  to  each  state,  in 
connection  with  their  publicity  and  educational  propaganda. 

The  Fuel  Administration  is  also  preparing  a  series  of  official 
bulletins  on  engineering  phases  of  steam  and  fuel  economics.  Some 
of  these  are  now  in  press.  They  will  include:  Boiler  and  Furnace 
Testing;  Flue-Gas  Analysis;  Saving  Steam  in  Heating  Systems; 
Boiler-Room  Accounting  Systems;  Saving  Steam  and  Fuel  in  Indus- 
trial Plants;  Burning  Fine  Sizes  of  Anthracite;  Boiler-Water  Treat- 
ment; Oil  Burning;  and  Stoker  Operation. 

In  addition  to  this  service,  a  list  of  competent  engineers  has  been 
prepared  in  Washington  for  each  state,  and  is  available  for  use  of  the 
local  administration.  As  the  work  develops,  still  further  constructive 
assistance  is  contemplated  for  helping  owners  to  bring  their  plants  up 
to  a  high  plane  of  economy. 
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LIMITING  COAL  IMPURITIES  IN 

PENNSYLVANIA 

Bt  E.  L.  Ck>LE,^  PhttiApblphia,  Pa. 
Non-Member 

T>RIOR  to  the  world  war  the  capacity  of  the  bituminous  and  an- 
thracite mines  in  the  United  States  to  produce  fuel  was  so  much 
in  excess  of  the  demand  that  competition  was  an  ample  and  certain 
factor  in  assuriiuj  the  marketing  of  «)id  contaming  oMy  a  imi^ 
impurities. 

With  the  steadily  increasing  demand  for  fuel,  caused  by  the 
rapid  development  of  war  industries,  there  was  a  noticeable  increase 
of  the  amoimt  of  impurities  in  anthracite  and  bituminous  during 
the  winter  months  of  1917. 

These  facts  were  known  to  the  Fuel  Administration,  but  be- 
cause of  the  clamor  JEunong  consumers,  domestic  and  industrial, 
which  was  accentuated  by  weather  conditions,  for  any  sort  of  coal, 
action  was  deferred  at  that  time.  However,  friendly  suggestions 
were  made  to  operators  in  the  hope  that  the  quality  of  coal  would 
show  improvement. 

It  was  a  vain  hope. 

During  the  arctic-like  weather  of  the  second  half  of  last  winter  the 
demand  for  coal  skyrocketed  to  a  point  never  before  reached  in  this 
country.  At  the  same  time,  the  quality  decreased  with  amazing 
rapidity,  aggravating  the  existing  fuel  famine  to  a  degree  nor  readily 
credible. 

The  tonnage  of  inferior  coal  that  was  delivered  in  January  was 
so  large  as  to  cause  the  Fuel  Administration  to  take  action.  Dr. 
Garfield,  National  Fuel  Administrator,  assigned  Mr.  James  Neale, 
of  his  staff,  to  assist  the  Pennsylvania  Administration  in  providing 
and  applying  remedial  measures  in  the  anthracite  fields. 

Mr.  Neale  conferred  with  Mr.  William  Potter,  State  Fuel  Ad- 
ministrator for  Pennsylvania.  With  the  aid  of  three  gentlemen, 
who  are  the  Fuel  Chairmen  in  Luzerne,  Lackawanna  and  Schuylkill 
Counties  (Messrs.  Tudor  R.  Williams,  A.  C.  Campbell  and  Baird 
Halberstadt),  an  investigation  was  carried  on  into  the  amoimt  of 
impurities  being  shipped  to  market. 

The  Fuel  Administration  then  formulated  rulings  limiting  the 

^  Secretary  ConBervation  DivisioD,  Federal  Fuel  AdminiBtration  for  Penn- 
sylvania. 
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percentage  of  slate,  bone  and  under  sizes  that  would  be  permitted 
by  the  Government  in  all  sizes  of  anthracite.  Inspectors  were  ap- 
pointed in  the  three  counties  mentioned  with  authority  to  condemn 
all  coal  found  below  standard.  The  writer  was  directed  to  supervise 
the  inspection  of  coal  at  destination  points  within  the  State. 

EFFECTIVENESS  OP  INSPECTION  AND   PENALTIES  IMPOSED 

The  effectiveness  of  the  inspection  at  the  mines  and  destination 
points  may  be  indicated  by  the  report  for  May.  These  show  that 
less  than  one-half  of  one  per  cent  of  the  daily  anthracite  production 
of  more  than  a  quarter-million  tons  was  condemned  by  the  Fedei^l 
inspectors  for  the  month  of  May.  This  coal  was  condemned  at  the 
mineS;  and  reprepared  for  delivery.  The  vast  improvement  can  be 
better  visuaUzed  when  it  is  recalled  thsct  more  than  50  per  cent  of 
the  marketed  tonnage  during  January  and  February  contained  ex- 
cessive amounts  of  impurities. 

During  the  inspection  at  destination,  a  car  of  buckwheat,  con- 
taining 45  per  cent  of  impiuities,  was  delivered  at  a  textile  mill  in 
Philadelphia.  The  fireman  was  unable  to  keep  steam  above  55  lb., 
normal  steam  pressure  being  80  lb.  Production  at  the  mill  fell  ofif 
30  per  cent  and  the  cost  of  removing  ashes  increased  300  per  cent. 
The  coal  company  was  compelled  to  rebate  to  the  mill  owner  50 
per  cent  of  the  cost  of  the  coal,  together  with  an  equal  percentage  of 
the  freight  and  cartage  costs. 

Operators  who  deUver  coal  containing  excessive  amounts  of  im- 
purities have  been  subjected  to  various  penalties.  Some  cars  were 
ordered  hauled  to  the  dumping  grounds  in  Philadelphia;  others 
were  donated  to  hospitals  and  other  non-profit-making  institutions. 
A  few  cars  were  deUvered  to  churches.  Many  cars  en  route  to  market 
were  diverted  back  to  the  mines.  In  all  cases  the  producing  com- 
panies were  compelled  to  pay  the  freight  and  other  charges,  and 
donate  the  coal.  This  action  by  the  State  Fuel  Administrator  had  a 
tremendous  moral  effect  upon  the  producers,  and  strengthened  the 
arms  of  the  Federal  Inspectors  at  the  mines,  because  publicity  was 
given  each  case. 

Many  bituminous  as  well  as  apthracite  operations  have  been 
closed  because  of  the  inferior  coal  shipped  from  them. 

ALLOWABLE   LIMITS   FOR  IMPURITIES 

It  is  the  observation  of  the  Fuel  Administration  that  steam 
sizes  of  anthracite  containing  40  per  cent  of  impurities  are  so  in- 
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dicient  in  generating  steam  that  the  cost  of  such  fuel  is  commercially 
prohibitory. 

Steam  sizes  of  anthracite  containing  not  more  than  20  per  cent 
aggregate  impurities  enable  firemen  to  maintain  maximum  steam 
under  the  most  difficult  conditions.  When  the  amount  of  impurities 
exceeds  20  per  cent,  there  is  at  once  a  noticeably  increased  amount 
of  fuel  required  to  maintain  normal  steain  pressure.  In  addition  to 
this,  there  is  an  increase  of  10  per  cent  in  the  cost  of  fud  when  the 
percentage  of  impurities  is  increased  from  20  to  25  per  cent,  and  a 
farther  increased  cost  in  the  removal  of  ashes. 

However,  expert  firetnen  obtain  fairly  good  results  with  anthra- 
cite steam  sizes  containing  as  hi^  as  30  per  cent  of  slate  and  bone, 
but  the  fuel  costs  show  an  increase  of  25  to  37  per  cent  above  the 
cost  of  the  same  size  fuel  containing  only  15  per  cent  of  impurities. 

Any  steam  anthracite  containing  more  than  30  per  cent  of  slate 
or  bone  is  too  expensive  for  the  manufacturer  to  purchase  today, 
according  to  our  observation.  All  steam  coal  containing  more  than 
20  per  cent  of  impurities  is  condemned  when  it  comes  under  the 
observation  of  the  Fuel  Administration.  This  is  so  even  when  it  is 
found  at  destination  points  in  Pennsylvania. 

IMPURITIES  IN  DOMESTIC  SIZES  OF  ANTHRACITE 

The  effect  of  increase  in  impurities  in  domestic  sizes  of  anthracite 
is  much  more  marked  than  in  steam  sizes.  The  domestic  sizes 
include  pea,  nut,  stove,  egg  and  broken  coal. 

Excellent  results  are  obtained  with  pea  coal  containing  8  to 
10  per  cent  of  slate  and  the  same  amount  of  bone;  that  is,  a  total  of 
16  lb.  of  impurities  in  100  lb.  of  coal. 

When  the  amount  is  11  to  12^  per  cent  of  slate,  satisfactory 
results  are  obtained  but  ashes  must  be  removed  at  more  frequent 
Intervals,  and  more  attention  given  to  the  fire.  At  the  same  time, 
there  is  an  increase  of  at  least  5  to  8  per  cent  in  the  cost  of  fuel. 
This  applies  equally  to  this  size  of  coal  in  use  of  low-pressure  and 
high-pressure  service. 

Pea  coal  containing  20  per  cent  of  slate  is  worthless  for  low- 
pressure  boilers.  In  high-pressure  practice  fairly  good  service  can 
be  obtained,  but  ashes  must  be  removed  at  more  frequent  intervals 
and  more  attention  be  given  to  the  fire.  At  the  same  time,  there  is 
an  increase  of  at  least  5  to  8  per  cent  in  the  cost  of  fuel. 

In  high-pressure  practice  fairly  good  service  can  be  obtained 
with  25  per  cent  of  slate,  but  the  cost  of  such  fuel  is  virtually  pro- 
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hibitory.  The  larger  the  size  of  anthracite,  the  lower  must  be  the 
percentage  of  impurities  to  obtain  maximum  service.  No  shipments 
of  pea  coal  with  more  than  12  per  cent  of  slate  are  permissible. 

Chestnut  gives  best  results  when  impurities  do  not  exceed  5 
per  cent  of  slate  and  an  equal  percentage  of  bone  (bone  contains 
50  per  cent  of  carbon).  Any  increase  above  this  figure  is  marked  by 
inferior  service.  At  15  per  cent  fires  must  be  carefully  attended, 
or  it  will  be  necessary  to  relight  them  twice  within  24  hours.  Chest- 
nut coal  containing  20  per  cent  of  slate  is  so  inferior  that  any  price 
for  such  fuel  is  exorbitant.  All  nut  coal  containing  7  per  cent  of 
slate  is  condemned  by  the  Fuel  Administration. 

Stove  coal  containing  5  per  cent  of  slate  and  6  per  cent  of  bone 
gives  maximum  service.  At  6  per  cent  of  slate  and  7  per  cent  of 
bone  the  result  is  an  increase  of  8  per  cent  in  fuel  costs.  This  size  of 
coal  containing  8  per  cent  of  slate  and  9  per  cent  of  bone  shows  the 
maximum  possible  amount  of  impurities  that  can  be  used  by  do- 
mestic consumers,  discounting  the  high  cost  of  such  fuel.  Any  per- 
centage above  this  renders  the  fuel  worthless. 

Egg  coal  should  not  be  used  when  the  amount  of  slate  is  more 
than  4  per  cent  and  of  bone  more  than  5  per  cent.  This  size  of  coal 
is  difficult  to  bum  unless  it  is  virtually  free  from  slate.  Our  stand- 
ard permits  2  per  cent  of  slate  and  the  same  of  bone,  and  because 
of  the  size  of  this  coal  (it  is  the  size  of  an  average  fist)  the  slate  can 
be  readily  removed  by  the  consumer.  It  is  much  better  to  do  so 
than  to  obtain  inferior  results  by  shoveling  the. dirty  coal  into  the 
furnace.  It  may  be  stated  that  the  amount  of  slate  allowed  in  this 
coal  is  only  equal  to  one  piece  of  slate  in  100  lb.,  and  two  pieces  of 
bone  in  the  same  weight. 

Broken  anthracite  must  be  virtually  free  from  slate  or  bone. 
Even  in  foundry  practice,  as  well  as  domestic  service,  it  is  neces- 
sary to  remove  all  slate  from  this  coal  before  it  can  be  used.  It 
can  readily  be  perceived  that  this  is  imperative  when  the  inspection 
schedule  only  allows  1  per  cent  of  slate  and  2  per  cent  of  bone.  Dur- 
ing January  many  cars  of  broken  anthracite  were  shipped  from  the 
mines  into  Philadelphia,  containing  from  12  to  25  per  cent  of  slate. 

IMPERATIVE   NEED   OF  SCHEDULES   FOR  LIMITING   IMPURITIES 

There  is  a  serious  lack  of  authoritative  data  on  the  subject  of 
schedules  for  impurities.  It  can  be  stated  without  question  that 
bituminous  containing  more  than  2  per  cent  of  sulphur  should 
not  be  used  for  locomotive  purposes.    Two  and  one-half  per  cent  is 
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the  maximum  that  most  std.ndard  railroads  accept.  More  than  8 
per  cent  of  slate  and  other  impurities  makes  the  coal  dear  at  any 
price.  It  is  expected  that  rulings  standardizing  the  quality  of 
bituminous  will  be  issued  at  an  early  date. 

The  essential  need  of  authoritative  data  on  the  subject  of  im- 
purities is  emphasized  by  the  attitude  of  some  producers.  The 
president  of  one  of  the  largest  anthracite-producing  companies  has 
just  urged  that  the  percentage  of  impurities  in  anthracite  be  increased 
2  per  cent  above  the  existing  standards 

When  told  that  this  will  result  in  deUvering  annually  to  con- 
sumers at  least  1,500,000  additional  tons  of  slate  and  dirt,  at  the 
highest  prices  ever  obtained  in  the  markets,  one  will  readily  agree 
that  it  is  imperative  that  incontrovertible  data  should  be  at  hand 
to  sustain  and  make  permanent  the  present  standards  governing 
anthracite  deUveries. 

To  haul  the  proposed  2  per  cent  increased  allowance  of  im- 
purities would  require  about  40,000  railroad  cars  for  a  period  ex- 
tending from  two  to  ten  weeks,  in  50  trains  of  80  cars,  each  pulled 
by  an  equal  number  of  locomotives,  employing  the  necessary  train 
crews. 

The  benefit  of  deUvering  one  and  a  half  milUon  tons  of  slate  and 
dirt  would  result  in  adding  to  the  profits  of  producers  to  the  extent 
of  at  least  six  million  dollars! 

The  plea  for  this  proposed  allowance  was  based  entirely  upon 
the  decreasing  labor  supply  and  the  increasing  needs  for  anthracite, 
but,  as  shown,  to  permit  additional  impurities  would  really  increase 
the  volume  of  fuel  production  but  decrease  the  value  of  fuel  de- 
livered to  consumption  points.  The  Fuel  Administration  for  Penn- 
sylvania is  giving  serious  consideration  to  some  other  method  of 
increasing  production  without  increasing  the  amount  of  impurities 
permitted  in  coal. 

Any  honest  suggestion  for  increasing  anthracite  production  by 
lowering  the  standard  of  preparation  should  be  accompanied  with 
an  offer  to  reduce  the  market  price  in  exact  ratio  to  the  decreased 
fuel  value  of  the  product. 

WHAT   THE   SOCIETY   CAN   DO 

At  this  point  it  may  be  well  to  offer  the  suggestion  that  this 
Society  take  up  the  task  of  obtaining  data  on  the  commercial  cost 
of  impurities  of  fuel.  Recommendations  should  then  be  formulated 
by  this  Society  to  the  Fuel  Administration,  that  may  crystallize 
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into  legislative  enactment  that  will  make  it  a  crime  for  unscrupu- 
lous producers  to  unload  on  consumers  an  inferior  product,  in  much 
the  same  way  as  manufacturers  of  food  are  prohibited  from  deliver- 
ing to  our  tables  products  unfit  for  human  consmnption. 

The  mining  and  transportation  of  coal  requires  a  vast  army  of 
workers.  The  quality  affects  every  person  in  this  great  country. 
Is  it  not  a  question  worthy  of  the  most  serious  consideration  that 
men  of  science  can  give  it? 

To  this  end,  the  writer  is  authorized  to  say  that  William  Potter, 
Federal  Fuel  Administrator  for  Pennsylvania,  pledges  himself  and 
his  Administration  to  aid  any  measure  undertaken  to  insure  to  conr 
sumers,  industrial  and  domestic,  reasonably  clean  coal  as  a  perma- 
nent institution  in  the  United  States. 

Because  the  anthracite  production  is  confined  to  Pennsylvania, 
the  responsibility  for  overseeing  the  quaUty  of  production  rests 
largely  on  the  shoulders  of  State  Administrator  Potter.  And  it  is 
his  task  to  see  that  the  vast  tonnage,  reaching  almost  to  80  million 
tons,  from  the  Pennsylvania  mines  shall  be  of  a  quality  that  will 
enable  our  manufactiu^rs  to  produce  the  essential  conmiodities  of 
life  with  a  minimum  amount  of  waste,  at  the  prices  fixed  by  the 
Government. 

The  Administrator  invites  the  patriotic  support  of  this  Society 
in  his  task  of  keeping  the  quality  of  coal  delivered  to  our  hearth- 
stones at  a  high  standard,  so  that  the  home  fires  in  the  United  States 
may  be  kept  bimiing  brightly  while  we  wait  the  return  of  the  "boys" 
who  have  crossed  the  sea  to  battle  with  the  Hun  that  man  may 
work  out  his  destiny  free  from  the  shackles  of  despotism. 


THE    FUEL-OIL   SITUATION 

Bt  Alfred  C.  Bedford,^  New  York,  N.  Y. 

Non-Member 

^PHE  opportunity  presented  to  me  as  Chairman  of  the  National 
Petroleum  War  Service  Committee  to  appear  before  you  is  one 
which  I  welcome  and  appreciate  most  heartily.  But  if  you  have 
been  looking  to  the  Petroleum  Committ^»e  for  an  easy  and  quick 
solution  of  your  fuel  problems  by  the  proffer  of  all  the  fuel  oil  you 
want  to  take  the  place  of  coal  and  other  fuels,  I  am  afraid  I  am  due 

>  Chairman  of  the  Board  of  Directors,  Standard  Oil  Company  of  New  Jersey. 
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to  disappoint  you.  I  am  here  rather  to  plead  for  special  economy  in 
the  use  of  fuel  oil  and  for  its  use  only  where,  from  the  nature  of  the 
work,  you  cannot  properly  use  coal. 

Do  not  think  me  an  alarmist.  I  am  not  trying  to  warn  you  of 
any  petroleum  or  fuel  oil  famine.  But  we  are  all  one  in  our  wish 
to  help  win  the  war,  and,  with  that  end  in  view,  we  want  to  adjust 
our  available  resources  and  supplies  as  effectively  as  we  possibly 
can  to  the  needs  of  the  war. 

What  are  these  needs  in  regard  to  fuel  oil?  First  and  foremost 
is  the  Navy,  and  in  the  Navy  for  the  war  purposes  which  we  are  now 
considering  I  include  oil-burning  cargo  ships  and  transports,  as  well 
as  the  battleships,  destroyers  and  submarine  chasers. 

Fuel  oil  is  hardly  less  important  for  our  ocean-going  steamships, 
where  one  of  its  great  values  Ues  in  the  saving  of  space  and  weight, 
making  possible  the  carrying  of  much  larger  cargoes  than  where 
room  otherwise  is  given  up  to  bulky  coal  supplies. 

Our  shipyards  are  rapidly  reaching  the  point  where  large  num- 
bers of  vessels  will  be  launched.  Careful  computation  shows  that 
three  oil-burning  ships  of  a  given  tonnage  of,  say,  6000  tons  each, 
will  yield  the  same  efficiency  as  four  ships  of  a  like  tonnage  burning 
coal.  The  tremendous  importance  of  this  fact  of  efficiency  is  shown 
when  one  realizes  that  three  hundred  oil-burning  ships  will  carry 
the  same  cargo  as  four  hundred  coal-burning  ships  of  the  same  size. 

Meantime,  the  needs  of  our  Allies  have  to  be  met,  and  exports 
of  fuel  oil  have  been  for  many  months,  and  may  be  expected  still  to 
continue,  on  an  ascending  scale.  When  you  add  to  these  the  re- 
quirements of  the  essential  war  industries  for  tempering,  annealing, 
and  other  processes,  for  which  coal  is  less  suitable,  you  will  realize 
the  tremendous  volume  of  the  demand  which  simply  has  to  be  met. 

In  1917  our  consumption  was  in  excess  of  our  production  and 
importations  of  crude  oil  from  Mexico,  and  it  is  fair  to  assume  an 
increased  consumption  in  1918.  Our  production  does  not  at  present 
measure  up  very  well  to  these  anticipated  demands,  but,  realizing  the 
situation,  oil  operators  everywhere  are  keen  to  develop  it  with  all 
possible  dispatch. 

While  fully  cognizant  of  the  important  needs  of  fuel  oil  as  related 
to  the  manufacturing  industries,  the  point  must  be  emphasized  that 
it  is  inipos-il)Ie  to  take  oil  for  any  one  specific  purpose  without  ex- 
<'rtinG  ii  detrimental  influence  on  some  other  branch  of  industry.  A 
yery  large  volume  of  oil  is  being  used  today  in  the  manufacture  of 
gas,  and  much  gasoline  is  obtained  from  what  would  otherwise  be 
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fuel  oil.  The  demands  for  gasoline,  however,  are  such  that  I  must 
again  earnestly  urge  upon  every  consumer  the  imperative  necessity  of 
conservation.  Indeed,  it  may  become  necessary  to  enact  definite 
and  drastic  regulations  to  restrict  its  needless  consumption. 

The  oil  men  have  organized  so  as  to  render  the  most  efficient 
seivice,  first,  in  supplying  the  full  needs  of  the  Government  and  the 
Allies,  and  second,  in  taking  care  of  the  ordinary  business  condition 
of  the  country  along  the  Unes  of  priority  as  laid  down  by  the  Fuel 
Administration. 

What,  then,  are  the  conditions  governing  the  present  supplies  of 
fuel  oil? 

So  far  as  the  Atlantic  Coast  is  concerned,  transportation  is  at 
the  root  of  all  of  our  troubles.  While  hundreds  of  thousands  of 
barrels  of  petroleum  are  available  in  Mexico,  and  thousands  more 
might  be  shipped  from  the  Gulf  ports,  there  is  no  way  of  gietting 
these  suppUes  North  in  the  quantities  heeded.  There  is  a  shortage 
of  shipping  and  the  Government  has  found  it  necessary  to  requisition 
a  large  percentage  of  all  the  tankers  in  service.  The  pipe  lines  are 
running  to  capacity,  and  railroad  conditions  make  it  impossible  to 
obtain  any  material  reUef  by  the  use  of  tank  cars.  We  are  there- 
fore face  to  face  with  the  necessity  of  making  the  available  supplies  of 
fuel  oil  along  the  Atlantic  Coast  cover  the  present  ever-increasing 
essential  demands.  Coal  can  be  obtained.  The  output  of  coal  can 
be  increased.    But  the  suppUest)f  fuel  oil  here  at  present  cannot. 

The  consequence  is  we  must  ask  the  factories  here  in  the  East 
to  bum  less  fuel  oil,  or  none  at  all  where  it  is  possible  to  bum  coal 
without  interfering  with  the  efficiency  of  the  processes  involved. 
Particularly,  fuel  oil  should  not  be  used  imder  steam  boilers,  either 
stationary  or  locomotive.  For  metallurgical  work  in  small  forges 
and  in  large  forge  furnaces,  and  those  used  for  annealing^  etc.,  oil 
has  its  legitimate  and  essential  place,  though  even  here  I  would  urge 
all  the  economy  possible.  But  the  ordinary  user  of  heat  apparatus 
for  the  production  of  steam  power  will  do  well  to  consider  coal  as  his 
best  source  of  supply,  and  disregard  for  the  time  being  the  possible 
advantages  of  oil. 

Considerable  difficulties  were  experienced  in  many  quarters  last 
winter  owing  to  the  Umited  oil  storage  provided  by  consumers  and 
to  the  irregular  running  of  tank  cars.  I  would  therefore  urge  oil 
users  to  plan  at  once  to  increase  their  storage  capacity  to  at  least 
60  days'  supply,  and  to  see  that  this  storage,  when  completed,  is 
kept  full. 
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OIL  FUEL  IN   NEW  ENGLAND  POWER 

PLANTS 

Bt  Hbnbt  W.  Ballou,^  Psovidincs,  R.  I. 

Non-Member 

TN  the  New  England  states  there  has  of  late  been  a  rapid  increase 
in  the  use  of  oil  fuel  in  power  plants,  and  in  a  convention  partly 
devoted  to  the  fuel  problem  a  brief  statement  of  the  present  status 
thereof  may  be  of  interest. 

From  data  privately  gathered  it  appears  that  oil  fuel  is  now 
used  in  at  least  60  dififerent  power  plants  in  New  England,  having  a 
total  of  83,000  Boiler  hp.  Odl  fuel  is  also  being  used  in  over  100  low- 
pressure  steam  plants  for  supplying  heating  systems,  but  such  instal- 

TABUB  1    NUMBER  OF  OH^FUEL  POWER  PLANTS  IN  EACH  NEW  ENGLAND 

STATE  IN  APRIL  1018 


State 


Kiiat 

N«w  Hampshira 

Vvmoiit 

llMnehasetts... 
Rlttdt  Island... 
Gooneotieiit 

Total 


Nvmbarof 
Plants 


Total  llbin|wiiar 


15.000 

1.400 

1.200 

22.(to 

42.240 

057 


88.447 


lations  are  mostly  of  a  minor  nature  and  are  not  within  the  scope  of 
this  paper. 

The  power  plants  herein  under  consideration  are  located  as  roughly 
indicated  on  the  outline  map  of  New  England  shown  in  Fig.  1. 
They  are  grouped  according  to  states  as  shown  in  Table  1,  from  which 
It  may  be  seen  that  two-thirds  of  the  power  plants  and  over  one-half 
of  the  boiler  horsepower  so  served  are  in  Rhode  Island.  As  shown 
in  Table  2,  most  of  these  installations  have  been  made  in  the  past 
three  years.  When  classified  as  to  type  of  boiler,  the  result  is  as 
given  in  Table  3.  When  classified  as  to  make  of  oil  burner  in  use 
the  data  are  as  presented  in  Table  4.    It  is  estimated  that  in  the 
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year  1917  about  95  per  cent  of  all  of  the  fuel  oil  burned  in  New 
England  power  plants  was  used  through  Hanunell  burners. 

Oil  fuel  is  supplied  almost  entirely  by  the  Mexican  Petroleum 
Company  from  three  tank  farms  located  at  Providence,  R.  I., 
Chelsea,  Mass.,  and  Portland,  Me.,  having  capacities  of  257,000  bbl., 
165,000  bbl.,  and  202,000  bbl.,  respectively.    It  is  said  that  tanks 


Fia.  1    Distribution  op  OiltFusl  Power  Plants  in  Nbw  Enolamd, 

April  1918 

have  been  ordered  to  increase  the  capacity  of  the  Providence  tank 
farm  to  735,000  bbl.,  which  is  roughly  equivalent  to  200,000  tons  of 
coal. 

All  of  this  oil  is  brought  from  Tampico,  Mexico,  a  distance  of 
over  2000  miles,  in  tank  ships.  The  size  of  these  tankers  has  greatly 
increased  of  late,  the  largest  running  into  Providence  being  nearly 
500  ft.  long  and  drawing  nearly  30  ft.  of  water.  Its  capacity  is 
80,000  bbl.,  which  is  roughly  equivalent  to  20,000  tons  of  coal. 
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Local  delivery  from  tank  farms  to  power  plants  is  by  tank  cars 
and  auto  trucks.    Perhaps  one-half  of  aJl  fuel  oil  is  delivered  by  auto 

TABLE  2  OIL-FUEL  POWER  PLANTS  INSTALLED  IN  NEW  ENGLAND,  191M918 


Tev 

NumbvofBoilm 

Boikr  Honepowar 

1916 
1916 
1917 
1918 

74 
79 
98 
91 

24.460 
14316 
22382 
22300 

• 

trucks  having  capacities  of  from  1500  to  2280  gal.    Such  trucks, 
carrying  8  tons  of  oil,  or  enough  to  yield  2000  hp.  for  a  10-hr.  day, 

TABLE  3    BOILERS  INSTALLED  IN  NEW  ENGLAND  OIL-FUEL  POWER  PLANTS. 

1916-1918 


Numbtrof 
BoOers 


lao 

88 

81 
15 

15 
5 
4 
3 
2 
1 


344 


ICake  of  Boilar 


HoriiontftI  rttum  tubular. 

lf|^i>t%in£ 

Babeoek  dc  Wilooi 


Stirling 

Sootohmarixte... 

Gunboat 

Eds«Moor 

Keeler 

Aultman-Taylor . 


Total  Boilar 


22382 

16328 

I1.Q26 

4300 

2300 

716 

2.400 

1,000 

600 

600 


Total. 


83,447 


will  discharge  their  load  by  gravity  in  from  3  to  5  min.    Oil  trucks 
from  the  tank  farms  at  tidewater  in  Providence  make  the  round  trip 

TABLE  4  OIL  BURNERS  IN  USE  IN  NEW  ENGLAND  POWER  PLANTS,  APRIL  1918 


liake  of  Burner 


HftmineU. 

Witt 

Whit*.... 


Number  of  Plants 


66 
4 

1 


Boiler  Horsepower 


81,040 
1.167 
1360 


to  the  Tamarack  poWer  house  in  Pawtucket  (a  distance  of  10  miles) 
in  1^  hr.y  including  both  loading  and  unloading. 

The  oil  is  usually  delivered  at  a  temperature  of  from  80  to  85 
deg.  fahr.    The  quantity  delivered  is  seldom  checked  by  weighing 
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or  by  temperature  observations,  the  '^ delivery  slip"  of  the  oil  com- 
pany usually  being  accepted  as  evidence  of  quantity,  after  observa- 
tion by  the  purchaser's  agents  that  the  truck  is  full  on  arrival  and  is 
allowed  to  thoroughly  drain.  Analysis  or  other  test  of  the  oil  is 
seldom  attempted  by  the  purchaser. 

The  chemical  constitution  and  freedom  from  impurity  of  the 
oil  appear  to  be  remarkably  uniform,  especiaDy  when  considered  in 
contrast  with  coal.  Uniformity  is  presumably  favored  by  marine 
shipment  in  bulk.  So  far  as  known,  there  is  no  accumulation  of 
water  or  silt  in  the  receiving  tanks  at  power  plants.  The  small 
quantity  of  water  in  the  oil,  frequently  about  one-half  of  one  per 
cent,  is  said  to  be  present  as  a  sort  of  emulsion. 

The  tyiHcal  New  England  power-plant  equipment  is  often  about 
as  shown  in  Fig.  2.  Cylindrical  steel  tanks,  of  capacity  to  serve 
from  a  day  to  several  weeks,  are  usually  set  in  the  ground  or  in 
concrete  vaults.  Concrete  storage  tanks  are  also  extensively  used. 
Asteam  coil  keeps  the  oil  in  the  tank  at  a  temperature  of  from  90  to 
120  deg.  fahr.,  whence  it  passes  through  an  ordinary  duplex  pump 
and  thence  to  the  boilers  at  a  pressure  of  from  18  to  30  lb.,  being 
heated  to  perhaps  180  deg.  fahr.  by  the  exhaust  steam  from  the  pump. 
A  return  oil  pipe  discharges  into  the  tank,  thus  providing  warm  oil  at 
starting  and  discharge  for  the  relief  valve.  Oil  pressure  is  main- 
tained by  a  pump  governor,  and  meters  on  both  supply  and  return 
pipes  register  quantities.  Strainers,  pressure  gages,  thermometers 
and  twin  pumps  are  customary.  The  simplicity  of  the  typical  oil 
equipment  when  compared  with  that  for  coal  is  of  course  one  cause  of 
the  popularity  of  oil  fuel. 

Insurance  requirements  appear  to  have  ceased  to   be  burden 
some  as  standards  of  fuel  and  equipment  have  been  found  to  be  imi- 
form  and  reliable.    At  present  the  two  main  requirements  appear 
to  be  that  the  tank  shall  be  below  ground  outside  of  the  building  walls 
and  below  the  level  of  the  pumps  and  boiler-room  floor.    Even  these 
requirements  have  been  modified  in  some  cases.    No  diflSculty  is  ex- 
perienced in  pumping  oil  as  warm  as  130  deg.  fahr.  with  a  10-ft. 
suction  lift;  and  one  installation  with  a  15-ft.  suction  lift  is  said  to  be 
successful. 

A  statement  of  the  causes  and  conditions  which  have  led  to 
this  sudden  adoption  of  oil  fuel  in  New  England  may  be  of  interest. 
Of  course,  a  primal  cause  was  active  propaganda  by  oil  and  equip- 
ment companies;  and  the  basic  cause  was  the  superiority  of  oil  to 
coal.    The  merits  of  oil  fuel,  however,  although  long  recognized  in 
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other  parts  of  this  country,  are  somewhat  of  a  surprise  to  the  manu- 
facturers of  New  England. 

About  nine-tenths  of  these  oil-fuel  installations  are  a  substi- 
tution for  coal  in  existing  plants  rather  than  primal  installations  in 
new  plants,  and  it  is  believed  that  fully  nine-tenths  of  them  have  been 
made  without  the  advice  of  a  consulting  engineer.  This  statement 
may  seem  more  significant  than  is  really  the  case,  both  because  in  a 
number  of  instances  where  a  consulting  engineer's  opinion  has  been 
sought  the  change  to  oil  has  not  been  made,  and  because  of  the  ex- 
cellent grade  of  engineering  skill  employed  by  the  equipment  com- 
panies in  solicitation. 

In  general,  the  owner  has  been  convinced  by  the  remarkable 
contrasts  between  coal  and  oil,  and  the  simplicity  and  freedom  from 
labor  troubles,  ashes  and  dirt  have  appealed  to  him  most  strongly. 
In  a  number  of  cases  additions  to  power  plants  have  been  avoided 
by  the  use  of  oil  fuel,  and  such  a  feature  is  one  to  conjure  with  in  New 
England. 

In  the  judgment  of  managers,  the  minor  nature  of  alteratioiis 
in  a  boiler  necessary  to  use  oil  fuel  and  the  possibility  of  readily  chang- 
ing back  to  coal  are  vital  features. 

A  few  managers  have  appreciated  the  simplicity  and  auto- 
matic action  of  oil  meters  as  compared  with  the  several  methods  of 
weighing  coal.  The  keeping  of  power-plant  records  of  fuel  con- 
sumption and  rates  of  evaporation  is  greatly  simplified  and  facilitated 
by  oil  fuel,  many  sources  of  error  being  eliminated. 

A  few  plants  in  New  England  have  accomplished  the  automatic 
governing  of  the  flow  of  oil  and  of  the  atomizing  steam.  Hand  con- 
trol of  operation  is  almost  universal,  and  is  now  attaining  a  standard 
of  excess-air  proportions  never  reached  even  in  the  highest  grade  of 
coal  plants,  some  tests  having  shown  as  little  as  20  per  cent  excess  air. 
It  is  inspiring  to  contemplate  the  probability  that  automatic  regu- 
lation of  the  oil,  the  atomizing  steam  and  the  draft  pressure  wiU  all 
become  a  standard  reaUty  within  a  few  years.  Then  will  be  the 
golden  age  of  regulated  combustion  in  New  England  power  plants. 

The  advantages  of  oil  fuel  are  ably  set  forth  in  the  Transac- 
tions for  the  year  1911  in  a  paper  by  B.  R.  T.  Collins,^  in  which  there 
are  formulated  seventeen  well-defined  ways  in  which  oil  fuel  is  superior 
to  coal.  Papers  by  C.  R.  Weymouth'  in  1908  and  1912  are  also 
noteworthy,  and  the  U.  S.  Navy  tests  of  1905  and  of  1916  are  excel- 

»  Trans.Am.Soc.M.E.,  vol.  33,  p.  83. 
•Trans.Am.Soc.M.E.,  vol.  30,  pp.  775  and  797;  and  vol.  34,  p.  639. 
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lent  evidence,  if  proof  were  needed,  that,  per  heat  unit  contained,  <ul 
fuel  IB  from  10  to  20  per  cent  more  efficient  than  coal. 

In  an  excellent  paper  on  fuel  oil,  read  before  the  BoBton  Sec- 
tion of  tlie  A.S.M.E.  in  1917,  Mr.  F.  \ 
parity  in  the  price  of  coal  and  oil  is  re 
more  is  paid  per  heat  unit  of  oil  than  of  cot 
lent  to  about  a  60  per  cent  higher  price 
noting  that  this  generalization  should  not  I 
writer  is  inclined  to  believe  that  the  man 
Tolved  in  the  use  of  oil  fuel  cause  it  to  be  tn 
more  than  60  per  cent  extra  can  be  paid  * 

The  saving  of  labor  due  to  oil  fi 
while  in  itself  luge,  has  often  been  fpvt 
portsnce.  Of  the  operating  expenses  in 
otiier  than  fixed  charges,  80  to  90  pei 
Accordingly  a  slight  variation  in  the  i 
unoiint  to  as  much  as  the  total  cost  of  la 
variation  of  a  tenth  of  a  cent  a  gallon  in 
saving  in  wages  due  to  oil  fuel. 

It  a  obvious  to  engineers  that,  ass 
cf  nl  fuel  at  a  price  per  heat  unit  equs 

would  soon  cease  to  be  used  in  the  power  plants  of  New  England. 
The  choice  between  oil  and  coal  is  therefore  a  matter  of  supply  and 
not  of  quahty.  The  only  .way  in  which  coal  may  rival  oil  fuel  is  in 
price.  It  accordingly  becomes  of  interest  to  consider  what  the  future 
may  have  in  store  for  the  power  plants  of  this  section. 

A  recent  review  of  the  coal  supplies  of  the  world  by  the  National 
City  Bank  of  New  York  sets  forth  the  remarkable  fact  that  the  coal 
depositfl  of  these  United  States  exceed  those  of  the  rest  of  the  world 
rombined.  It  is  also  said  that  the  coal  deposits  of  the  United  States 
are  seven  times  as  great  as  those  of  all  Europe.  Of  this  prodigious 
quantity  of  coal  deposits,  a  large  part  of  the  finest  steam  coals  lie  in 
the  states  of  Penn^ivania  and  West  Vii^nia  withm  500  miles  of 
New  England. 

So  much  for  deposits;  how  about  production? 

In  the  year  1917  the  United  States  mined  within  10  per  cent 
of  as  much  coal  as  the  entire  rest  of  the  world  combined.  Over 
one-half  of  this  vast  production  was  in  the  states  of  Pennsylvania 
and  West  Virginia.  In  brief,  the  greatest  supply  of  coal  in  the  world 
bebg  within  600  miles  of  New  England,  what  is  the  case  for  fuel 
oil? 
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It  is  notable  that  the  question  of  supply  is  not  simply  about 
oil,  but  about  fuel  oil,  which  latter  has  been  defined  as  oil  which  is 
more  valuable  as  fuel  than  in  the  form  of  refined  products. 

It  appears  that  crude  petroleum  may  be  divided  into  two  classes, 
namely;  one  with  a  paraffin  base  and  the  other  with  an  asphalt 
base.  That  with  the  paraffin  base  is  so  valuable  for  its  derivatives  — 
gasoUne,  kerosene,  lubricating  oils,  and  a  thousand  others — that  its 
price  will  always  be  prohibitive  for  fuel.  Moreover,  rapid  improve- 
ment in  methods  of  distillation  has  made  the  refined  products  from 
the  lighter  asphalt-base  oils  so  valuable  that  many  of  these  oils  have 
disappeared  from  the  fuel  market.  Much  that  was  fuel  oil  ten  years 
ago  is  no  longer  fuel  oil.  Thus  it  is  that  of  the  four  great  oil  com- 
panies, each  having  extensive  tank  farms  at  Providence  tidewater, 
namely,  the  Standard  Oil  Company,  The  Gulf  Refining  Company, 
The  Texas  Company,  and  the  Mexican  Petroleum  Company,  only 
the  latter  is  furnishing  fuel  oil  for  power  plants.  Indeed,  at  the 
present  vniting  the  Mexican  Petroleimi  Company  is  unable  to  take 
any  more  contracts  for  fuel  oil,  and  on  the  face  of  things  it  appears 
that  oil  is  even  now  more  scarce  than  coal.  The  question  is  not  as  to 
the  world-wide  supply  of  crude  petroleiun,  but  merely  as  to  that 
small  part  of  the  whole  supply  which  may  not  be  readily  distilled. 

The  extremely  heavy  grades  of  asphalt-base  oils  from  Mexico 
are  practically  the  only  fuel  oils  now  available  to  New  England. .  It 
will  be  shown  later  that  this  Mexican  supply  (amoimting  to  55,000,000 
bbl.  in  1917),  though  in  itself  of  great  volume,  is  destined  to  cut  but  a 
small  figure  in  the  world's  supply  of  fuel.  Consequently  Mexican 
fuel  oil  will  natm*ally  gravitate  toward  those  uses  for  which  it  will 
command  a  premium. 

The  question  then  arises  as  to  what  uses  will  pay  a  premium 
for  fuel  oil,  and  the  answer  is,  those  uses  in  which  its  superiority  to 
coal  are  most  important.  The  greatest  of  these  is  marine  use.  Con- 
sider the  item  of  labor  alone.  It  is  generally  conceded  that  in  a  large 
boiler  plant  the  boiler-room  labor  with  fuel  oil  may  be  only  one-tenth 
of  that  with  coal.  On  shipboard  the  labor  of  coal  passing  and  trim- 
ming bunkers  greatly  exceeds  similar  labor  on  land.  When,  as  on 
shipboard,  it  becomes  necessary  not  only  to  transport  the  heavier  and 
more  bulky  coal  but  also  to  transport  the  laborer,  his  housing  and 
keep,  it  is  unquestionable  that  fuel  oil  will  command  a  premium  for 
marine  use  as  compared  with  its  use  on  land.  The  seventeen  supe- 
riorities of  oil  fuel  formulated  by  Mr.  Collins  apply  with  greater  force 
on  shipboard  than  on  land.    And  the  same  statement  is  true  in  a 
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slightly  lees  measure  in  the  case  of  locomotives  as  compared  with 
stationary  power  plants. 

The  coal  review  of  the  National  City  Bank  estimates  the  marine 
use  of  coal  at  75,000,000  tons  per  yeiur,  or  five  times  as  much 
as  the  entire  output  of  the  Mexican  oil  fields.  The  Pennsylvania 
Raiboad  alone  would  take  a  large  part  of  the  total  oil  output  of 
Mmco.  Moreover,  the  relative  ease  of  marine  transportation  of 
fuel  oil  will  cause  it  to  displace  coal  in  places  that  are  remote  from 
coal  deposits  and  difficult  of  access.  Already,  in  1917,  over  3,000,000 
barrels  of  this  fuel  oil  went  to  the  west  coast  of  South  America. 

While  prophecy  is  ever  hazardous,  it  is  probable  that  in  the 
long  run  the  use  of  fuel  oil  n  New  England  will  be  confined  to  those 
special  uses  and  sporadic  cases  which,  forgone  abnormal  cause  or 
another,  can  afford  to  pay  the  premium  that  oil  fuel  will  conmiand  for 
uses  outside  of  power  plants.  Oil  fuel  will  within  a  few  years  become 
a  luxury  for  power  plants. 

The  kinds  of  power  plants  which  may  be  warranted  in  paying 
the  premium  that  oil  will  ultimately  conunand  for  transportation 
uses  mi^t  include  those  plants  which  must  maint>ain  banked  fires 
for  considerable  periods,  such  as  plants  auxiliary  to  water  power  or 
boileiB  serving  fire  pumps. 

The  premium  may  also  be  paid  by  small,  prosperous  plants  in 
cities  where  smoke,  dust  and  dirt  are  especially  objectionable,  coal 
storage  difficult,  ashes  disposal  expensive,  and  the  labor  expense  and 
naanagerial  oversight  disproportionately  burdensome.* 

In  a  word,  oil  fuel  is  incomparably  superior  to  coal;  but  that 
very  superiority,  together  with  its  relative  scarcity,  will  ultimately 
debar  it  from  New  England  power  plants. 

Just  at  present  the  user  of  oil  fuel  is  enjoying  those  benefits 
"icidental  to  extreme  labor  scarcity  and  abnormal  prices  for  coal, 
^d  the  lucky  few  who  happened  to  have  long-time  contracts  are 
reapmg  a  golden  harvest ;  but  these  conditions  are  ephemeral.  Doubt- 
less the  whole  cost  of  many  oil-burning  installations  will  be  saved 
^ell  within  a  period  of  five  years. 

The  present  rapid  increase  in  the  use  of  fuel  oil  in  New  Eng- 
land power  plants  is  but  a  lucky  incident  in  the  marketing  of  a  great 
natural  product.  Immense  as  is  its  absolute  volume,  the  insignifi- 
cance of  its  relative  volume  as  a  source  of  world-wide  fuel  has  thus  far 
been  the  main  obstacle  to  the  adoption  of  Mexican  oil  on  the  high 
seas.  That  obstacle  is  rapidly  disappearing  and,  regrettable  though 
it  be,  it  is  inevitable  that  its  very  virtues  will  ultimately  deprive  the 
power  plants  of  New  England  of  fuel  oil. 
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THE  FUEL  PROBLEM  IN  THE  MIDDLE  WEST 

By  a.  a.  Potter,  Manhattan,  Kan. 
Member  of  the  Society 

^pHE  cost  of  producing  power  has  increased  in  the  various  power 

plants  of  the  Middle  West  from  15  to  60  per  cent  during  the 

winter  of  1917-1918.    The  Detroit  Edison  Company  reports  that  for 

1917  the  total  operating  expenses  were  35  to  40  per  cent  greater  than 
in  1916.  The  Quincy  (111.)  Gas,  Electric  and  Heating  Company 
states  that  the  increase  has  been  40  per  cent.  The  cost  of  production 
in  the  Sioux  City  (Iowa)  Gas  and  Electric  Company  has  been  in- 
creased by  60  per  cent.  •  The  Meridian  (Miss.)  Light  and  Railway 
Company  gives  the  cost  as  nearly  double  as  compared  with  normal 
years. 

The  increased  cost  of  producing  power  has  been  due  to: 

a  The  increased  cost  of  fuel 

b  The  necessity  of  burning  fuels  of  different  grades  with.equip- 

ment  suitable  for  one  particular  grade 
c  The  greater  amount  of  ash  and  other  non-combustible 

matter 
d  The  increased  cost  of  labor  and  the  poorer  quality  of  labor 

available 
e  The  increased  cost  of  repairs,  suppUes  and  new  equipment. 

m 

INCREASE  IN   COST  OF  FUEL 

The  Commonwealth  Edison  Company,  of  Chicago,  HI.,  reports 
the  cost  of  coal  per  ton,  for  January  1916,  1917  and  1918  as 
S1.78,  $2.72  and  $3.14,  respectively.  A  large  power  plant  in  Indiana 
paid  for  coal  an  average  of  $3.60  per  ton  during  the  winter  of  1917- 
1918,  as  compared  with  $1.66  during  the  winter  of  191^1916.  A  large 
power  plant  in  Omaha,  Neb.,  paid  for  fuel  during  the  winter  of  1917- 

1918  at  an  average  rate  of  $4.45  per  ton  as  compared  with  $2.85  in 
normal  times.  In  Kansas  power  plants  the  cost  of  fuel  has  increased 
about  70  per  cent  as  compared  with  normal  years.  The  Jackson 
Light  and  Power  Company,  of  Jackson,  Miss.,  report  an  increase  in 
the  price  of  coal  from  $2.12  to  $4.48. 

GRADES  OF  FUEL   USED 

The  majority  of  the  power  plants  in  the  Middle  West  burned 
any  grade  of  fuel  they  could  secure  and  were  forced  in  most  cases  to 


The  fuel  aituation  in  the  power  plants  of  Iowa,  Kansas,  South 
Dakota,  Texas,  and  Oklahoma  was  not  as  serious  as  in  the  more 
populous  states  of  the  Middle  West.  Many  of  the  smaller  power 
plants  either  bad  considerable  fuel  in  storage  or  reduced  thdr  load. 
The  majority  of  the  plants  in  the  Middle  West  were  affected  more  by 
the  quality  than  by  the  scarcity  of  fuel. 

mPURITIES  IN   COAL 

Id  general,  the  ash  content  in  the  fuel  used  during  1917-1918  was 
at  least  5  per  cent  greater  than  in  former  years  on  accoimt  of  the 
Faulty  methods  at  the  mines.  Power-plant  engineers  feel  that  the 
high  ash  content  is  greatly  responsible  for  the  fuel  shortage  and  for 
ute  increafied  operating  costs.  In  ordinary  times  fuel  containing 
nwre  than  30  per  cent  ash  would  be  condemned  for  use  in  boiler-room 
furnaces.  During  the  winter  of  1917-1918  some  power  plants  were 
forced  to  use  fuel  containing  35  per  cent  ash. 

COST  or  LABOR 

The  cost  of  common  labor  has  increased  in  the  various  parts 
of  the  Middle  West  from  25  per  cent  to  100  per  cent.    Operators  and 
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firemen  in  power  plants  are  receiving  more  pay,  but  in  rare  cases  is 
the  increase  as  great  as  25  per  cent  when  compared  with  normal 
times.  The  cost  of  manufacturing  power  has  probably  been  more 
affected  by  the  poor  quality  of  power-plant  operators  and  labor 
available  than  by  the  increased  cost  of  such  labor. 

EFFECT  OF  INCREASED  EXPENSES  AND  FUEL  SCARCrTT  ON  ISOLATED 

PLANTS 

In  a  few  cases  the  increased  operating  expenses  and  the  scarcity 
of  fuel  had  a  distinct  tendency  to  eliminate  isolated  plants  and 
to  transfer  the  load  to  central  stations.  This  was  especially  true 
where  the  rates  of  central  stations  are  maintained  constant  by  law. 
The  large  central  stations  in  most  cases,  however,  were  not  too 
vigorously  soliciting  business  on  account  of  the  increased  costs  of 
fuel,  labor,  material  and  new  equipment.  Some  power-plant  managers 
insist  on  a  coal-and-labor-cost  clause  in  connection  with  contracts 
for  i>ower.  Public  utiUties  complain  about  the  difficulties  which  they 
are  experiencing  in  financing  improvements. 

Many  power  companies  are  more  concerned  on  account  of  in- 
sufficient plant  capacity  than  because  of  the  increased  cost.<rf  fuel. 
Improvements  and  extensions  in  equipment  are  affected  by  the  hie^ 
cost  of  money,  by  the  high  prices  of  materials  and  equipment,  by  the 
scarcity  of  skilled  labor  and  by  the  difficulty  of  securing  deUveries  of 
materials  and  equipment  purchased.  A  manager  of  a  large  central 
station  in  Indiana  states  that  they  are  three  years  behind  on  expan- 
sion, development  and  replacement 

EFFORTS  FOR  BETTER  FUEL  ECONOMY 

The  fuel  situation  during  the  past  winter  has  resulted  in  greater 
efforts  for  fuel  economy.  This  is  particularly  noticeable  in  the 
small  power  plants  of  the  less  populous  portions  of  the  Middle 
West.  In  Missouri,  Kansas,  Iowa  and  Nebraska  the  uniflow  steam 
engine  is  gaining  favor  with  small  municipalities  on  account  of  its  low 
steam  consumption  at  variable  loads.  The  high  cost  of  new  power- 
plant  equipment  has  some  tendency  to  delay  improvements,  but  it  is 
remarkable  to  see  power  plants  in  towns  of  2000  inhabitants,  or  even 
smaller,  discarding  an  inefficient  old  steam  prime  mover  and  pajring 
at  the  rate  of  $200  per  kilowatt  capacity  for  new  units  in  order  to 
produce  fuel  economy.  The  use  of  draft  gages  and  of  other  measur- 
ing instruments  is  increasing  in  the  boiler  room,  greater  attention  is 
given  to  the  utilization  of  exhaust  steam  in  non-oondensing  fdants. 
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more  pipe  oovering  is  used,  greater  attention  is  being  givon  to  boiler 
settings  and  furnaces,  heating  surfaces  are  kept  cleaner,  and  definite 
efforts  are  being  exerted  for  the  more  economical  utilisation  of  fuel 
in  the  power  plant. 

WORK  OF  THE  FUEL  ADMINIBTRATORS 

The  work  of  the  Fuel  Administration  Boards  of  Iowa,  of  Louisiana 
and  of  Illinois  are  particularly  creditable.  The  fuel-conservation 
campaign  in  Iowa  consists  of:  , 

a  Inspection  of  boiler  rooms  and  heating  plants,  with  rec- 

onmiendations  as  to  improvement  in  equipment  and 

operation,  and  instruction  of  firemen  in  proper  firing 

methods 
h  Talks  to  groups  of  engineers  and  firetnen  on  combustion  and 

firing  methods 
c  Talks  to  general  audiences  on  the  economical  use  of  fuel  in 

the  home,  and  on  firing  house  furnaces;  and 
d  Dissemination  of  information  on  burning  soft  coal  in  house 

furnaces.    Inspections  of  house-heating  plants  were  made 

to  a  very  limited  extent. 

Iowa  State  College  at  Ames  furnished  seven  engineers  to  carry 
on  this  work,  each  of  whom  spent  during  the  past  winter  from 
two  to  twelve  weeks  making  inspections  and  giving  talks  and  demon- 
strations. Their  services  were  available  to  any  city  or  town  in  the 
state  without  charge  except  for  traveling  and  hotel  expenses.  These 
expenses  were  small  and  were  generally  met  by  commercial  clubs, 
which,  under  the  direction  of  the  Fuel  Administration,  also  handled 
the  advance  publicity  for  the  campaigns. 

Prof.  D.  C.  Faber  of  the  Iowa  State  College,  who  is  the  con- 
sulting engineer  for  the  Federal  Fuel  Administration  for  Iowa,  gives 
the  following  in  his  recent  report: 

Thirty-four  cities  and  towns  asked  for  this  service,  including  practically  all 
^  the  larger  cities  of  the  state.  1354  plants  were  inspected,  and  80  talks  given 
to  a  total  of  7330  people. 

Tie  boiler-plant  inspections  were  made  to  point  out  defects  in  equipment 
and  operation,  and  to  give  the  firemen  proper  instructions  in  firing  methods.  The 
inspectors  were  equipped  with  draft  gages,  COs  recorders,  and  thermometers  for 
measuring  flue-gas  temperatures.  The  inspections  varied  from  casual  inspections 
to  complete  investigations  of  combustion  conditions,  as  circumstances  required. 
It  is  not  possible  to  enumerate  the  defects  found  by  the  inspectors,  but  a  few  of 
the  conmionly  foimd  faults  were:  leaky  boiler  settings;  uncovered  steam  pipes; 
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failure  to  remove  soot  at  frequent  intervals;  failure  to  regulate  fire  by  use  ci 
damper  in  uptake;  fire  too  thick;  and  firing  too  large  a  quantity  of  coal  at  one 
time. 

In  the  talks  to  engineers  and  firemen,  combustion,  hand-firing  methods  and 
boiler-room  losses  were  explained.  These  talks  were  accompanied  by  lantern 
slides,  charts  and  demonstrations. 

In  Louisiana  an  extensive  campaign  for  fuel  conservation  has 
been  undertaken  under  Leo  S.  Weil,  advisory  engineer  for  the  Federal 
Fuel  Administration  for  Louisiana.  Mr.  Weil  gave  a  complete 
description  of  his  work  in  Power,  Vol.  47,  No.  5.  Efforts  were  made 
by  the  Fuel  Administration  Board  of  Louisiana  to  substitute  other 
fuels  for  coal,  but  these  were  found  impractical  in  most  cases.  The 
fuel  consumption  was  decreased  by  shutting  down  ice  plants  which 
operated  during  the  winter  at  about  one-third  of  their  normal  capacity, 
and  the  remainder  of  the  ice  plants  were  run  at  nearly  normal  ca- 
pacity, supplying  ice  to  those  which  were  shut  down.  The  attention 
of  power-plant  owners  and  of  operators  was  called  to  the  necessity  of 
reducing  waste  of  coal  and  to  the  desirability  of  codperation  on  the 
part  of  both  owners  and  operators.  Suggestions  concerning  reduc- 
tion of  coal  waste  were  sent  out  to  power-plant  operators.  Mr.  Weil 
reports  very  gratifying  results  due  to  the  above  efforts. 

The  Conservation  Committee  of  the  Fuel  Administration  of 
Illinois  with  Prof.  H.  H.  Stoek  of  the  University  of  Illinois  as  chair- 
man is  carr3ring  on  very  constructive  work  among  the  power  plants 
of  that  state  in  the  interest  of  fuel  economy.  Those  in  charge  of 
power  plants  are  being  urged  to  go  over  their  equipment  and  to  make 
necessary  improvements.  The  Conservation  Committee  has  also 
the  cooperation  of  the  factory  inspectors  of  IllinoiSi  who  are  bringing 
the  matter  of  economy  to  the  attention  of  the  owners  and  operatora 
of  plants  inspected  by  them. 

CONCLUSIONS 

The  power  plants  of  the  Middle  West  are  convinced  that  future 
emergencies  can  be  averted  by  more  adequate  fuel  storage,  by 
greater  attention  to  fuel  economy,  and  by  the  more  careful  regu- 
lation on  the  part  of  the  Gk)vernment  of  the  quaUty  of  fuel  lAving 
the  mines  and  of  the  fuel-transportation  faciUties. 

Several  state  fuel  administrators  are  expecting  to  start  cam- 
paigns urging  the  early  purchase  of  fuel  for  domestic  use,  and  greater 
storage  of  coal  by  power  plants  during  the  summer.  The  larger 
power  plants  are  expecting  to  store  greater  amounts  of  coal  than 
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usual.  Some  plants  expect  to  provide  storage  capacity  sufficient  for 
30  days;  many  of  the  smaller  plants  expect  to  put  in  larger  storage 
capacity.  Considerable  difficulty  is  being  experienced  in  storing  many 
of  the  middle-western  bituminous  coals  on  account  of  spontaneous 
combustion.  Storage  under  water  will  be  used  to  a  considerable 
extent. 

In  the  case  of  power  plahts  using  natural  gas,  a  gas-storage- 
tank  capacity  sufficient  for  a  10-day  period  is  considered  practical. 
Such  a  storage  capacity  will  take  care  of  gas  shortage  during  extremely 
cold  weather. 

More  attention  will  be  paid  in  the  future  to  the  proper  fur- 
nace design  for  high-volatile  bituminous  coals.  The  combustion 
chambers  of  the  furnaces  in  the  majority  of  the  smaller  power  plants 
are  not  large  enough  for  the  air  to  mix  with  the  gases  given  off  from 
the  fuel  bed  and  before  such  gases  come  in  contact  with  the  compara- 
tively cool  heating  surfaces  of  the  boiler. 

Some  attention  should  be  given  to  the  use  of  peat  in  certain 
parts  of  Michigan,  Minnesota  and  Wisconsin  for  domestic  use  and 
possibly  also  for  power  generation.  With  the  increasing  scarcity 
and  higher  cost  of  coal  and  oil,  low-grade  fuels  must  be  given  greater 
consideration  in  connection  with  the  generation  of  power. 

The  fuel  administrators  of  the  various  states  should  be  encour- 
aged to  secure  engineering  assistance,  particularly  in  connection 
with  the  campaigns  for  economy  in  the  smaller  power  plants.  Much 
fuel  can  be  saved  if  the  operators  of  the  small  power  plants  can 
be  carefully  instructed  with  reference  to  the  overhauling  of  equip- 
ment, the  avoidance  of  air  infiltration  through  settings,  proper  firing 
methods,  correct  thickness  of  fuel  bed  and  other  operating  details 
which  lead  to  the  economical  utilization  of  fuel.  The  institution  of 
campaigns  for  fuel  conservation,  such  as  have  been  undertaken  in 
Louisiana  and  in  Iowa,  will  result  in  greater  fuel  economy.  Such 
campaigns  are  absolutely  necessary  in  the  less  populous  sections  of 
the  Middle  West,  where  the  majority  of  the  power  plants  are  small 
and  are  operated  by  poorly  trained  attendants. 

A  detailed  study  of  coal-car  movements  in  the  Middle  West 
during  the  past  four  years  discloses  the  fact  that  the  average  time 
required  to  move  cars  is  extremely  long.  In  most  cases  cars  carrying 
coal  will  average  less  than  20  miles  per  day.  When  to  this  time  is 
added  the  time  required  for  empty  cars  to  return  to  the  mines,  it  is 
eviderft  that  the  coal  tonnage  handled  per  car  per  year  is  very  Umited 
and  very  much  smaller  than  reasonably  efficient  operation  should 
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produce.  This  delay  is  due  partly  to  the  practice  by  raihtMuls  of 
throwing  cars  on  sidings  and  into  yards  with  unnecessary  switching, 
instead  of  delivering  them  to  their  destination  in  one  or  two  hauls. 
Pooling  of  engines,  cars  and  routes  can  be  made  to  substantially 
relieve  this  situation.  Another  relief  can  come  by  so  routing  coal  as 
to  avoid,  as  far  as  possible,  the  congested  terminals  at  the  larger 
cities.  Where  freight  cars  must  pass  through  such  cities,  movements 
could  be  expedited  by  constructing  belt  lines  around  them.  The 
coal  shortage  can  also  be  reduced  if  greater  efforts  are  made  by  all 
coal  users  to  unload  cars  as  soon  as  they  reach  their  destination. 

To  avoid  the  recurrence  of  the  conditions  of  last  winter,  the 
power-plant  men  will  have  to  cooperate  with  the  Government  by 
providing  adequate  coal-storage  facilities,  by  unloading  fuel  without 
delay  after  it  reaches  its  destination,  and  by  giving  careful  attention 
to  power-plant  economy.  The  Government  will  have  to  insiBt  upon 
reasonable  cleanliness  of  coal  leaving  the  mines  and  should  give  more 
attention  to  the  improvement  in  the  railroad  equipment  and  in  the 
methods  of  transporting  coal  from  the  mines  to  the  consumer. 


DISCUSSION  ON  FUEL  ECONOMY 

1  What  Are  the  Economic  Effects  of  Impurities  in  Coalt  It  has 
been  claimed  that  when  coal  contains  Ifl  per  cent  of  r^use  ii 
becomes  valueless  as  fuel.    What  has  been  your  experience? 

W.  S.  Gould.  During  the  last  two  years,  as  prices  have  mounted 
higher,  the  quaUty  of  the  fuel  shipped  to  market  has  decreased  until 
lately  the  lack  of  quaUty  of  the  so-called  coal  available  to  the  power 
plants  of  the  country  has  become  a  decided  menace  not  only  to  our 
economic  development  but  to  the  safety  of  the  nation. 

It  makes  no  difference  how  much  our  railroad  equipment  is  in- 
creased, it  makes  no  difference  what  prices  are  fixed  by  the  Govern- 
ment for  coal,  nor  how  many  rules  and  regulations  are  issued  by 
the  Fuel  Administrator,  so  long  as  drastic  and  effective  stepe  are 
not  taken  to  insure  the  proper  preparation  of  the  coal  mined  and 
shipped. 

EFFICIENCY    LOSS    FROM    ASH    AND    FROM    USE    OF   WEATHERED    COAL 

The  Bureau  of  Mines  estimated  that  the  ash  of  coal  mined  in 
1917  had  increased  5  per  cent  for  the  whole  country,  and  that  this 
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increase  in  the  ash  content  meant  a  further  loss  of  7.5  per  cent  in 
the  efficiency  of  the  power  plants.  Some  of  the  mining  districts 
show  a  much  higher  increaise.  This  means  that  while  we  produced 
and  shipped  544,000|000  tons  of  fuel  in  1917|  the  tonnage  was  equaT 
in  effective  power-producing  qualities  to  only  476,000,000  tons  of  the 
1916  quality.  In  other  words,  in  1917  we  mined  and  shipped  some 
70,000,000  tons  simply  to  make  up  for  the  inferior  quality.  This  is 
the  real  cause  of  our  coal  troubles. 

Further,  while  the  increase  in  the  ash  content  was  fully  equal  tor 
5  per  cent,  the  decrease  in  the  heat  was  considerably  greater  than  5 
per  cent,  this  decrease  being  due.  to  the  fact  that  niillions  of  tons  of 
weathered  coal  were  shipped  —  pillar  and  outcrop  coal  and  refuse 
from  mine  dumps  —  all  of  which  was  considerably  lower  in  heat  in 
proportion  to  the  ash  content  than  would  have  been  the  case  if  the 
coal  had  been  freshly  mined  from  the  seam.  The  Fuel  Adminis- 
tration originally  encouraged  these  "wagon  mines,"  the  number  of 
which  increased  enormously,  directly  cutting  down  the  available 
fueL 

INFLUENCE  OF  SULPHUR  ON  CLINKEB 

In  addition  to  the  well-established  loss  in  efficiency  and  capac- 
ity of  our  power  plants,  due  to  the  higher  percentage  of  the  ash 
impurity,  we  should  not  lose  sight  of  the  further  loss  in  efficiency 
and  capacity  due  to  the  increase  in  the  sulphur  content  of  coal. 
Sulphiu*  in  coal  affects  the  economy  of  the  boilers  by  forming  clinkers, 
which  hinder  the  proper  distribution  of  air.  This  improper  dis- 
tribution may  be  excess  or  deficiency  of  air. 

It  has  been  found  that  while  the  drop  in  the  combined  efficiency 
of  the  boiler  and  furnace  averaged  about  0.5  per  cent  for  each  per 
cent  of  sulphur  between  0.5  and  6  p^er  cent,  the  general  drop  in  boiler 
capacity  is  about  1.5  per  cent  for  each  per  cent  of  sulphur.  The 
increased  amount  of  clinker,  due  to  the  higher  sulphur  percentages, 
is  doubtless  responsible  for  this  drop  in  the  capacity,  reducing  the 
rate  of  combustion  and  therefore  capacity. 

Before  1916  eastern  coals  that  carried  sulphur  in  excess  of  3 
per  cent  were  not  common.  Since  that  time  the  cases  of  5  and  6 
per  cent  sulphur,  and  some  almost  incredibly  high,  have  steadily  in- 
creased, imtil  during  the  last  winter  it  has  been  quite  the  exception  to 
find  coals  with  less  than  2  per  cent. 

Then  there  is  the  damage  that  sulphur  causes  to  the  tubes, 
plates  and  grates  of  the  equipment  —  a  damage  that  is  usually 
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diflScult  to  measure,  especially  since  it  is  generally  unexpected  by 
the  plant  engineer,  or  comes  when  he  has  no  time  to  make  exact 
calculations  or  cannot  get  information  as  to  his  coal. 

Just  two  examples  of  the  many  cases  that  have  come  imder  our 
own  observation  may  be  given: 

a  A  plant  equipped  with  Model  stokers  had  been  using  a  cer- 
tain coal  which  did  not  average  high  in  sulphur  —  about  1.60  per 
cent,  but  of  a  character  that  often  causes  trouble  under  similar 
conditions.  The  plant  had  been  running  wild,  with  a  low  rate  of 
efficiency,  and  there  had  been  no  special  trouble  with  the  grate 
bars,  which  had  stood  up  for  weeks.  Better  operating  methods  were 
inaugurated,  and  the  grate  bars  began  melting  at  an  alanning 
rate,  some  in  about  a  week.  Ordinarily  the  cause  of  this  trouble 
would  have  been  laid  either  to  the  operating  methods,  and  there- 
fore a  necessary  evil,  or  to  the  grate  bars.  We  selected,  through 
our  Library  of  Coal  Records,  a  coal  of  equal  heating  value  but  with- 
out the  characteristics  of  the  coal  being  used  at  the  plant,  and  the 
trouble  with  the  grates  ceased. 

b  Another  case  was  in  a  plant  with  flat  grates,  hand-fired,  and 
running  at  a  low  rate  of  combustion.  This  plant  had  been  using  a 
coal  which  was  excellent  so  far  as  ash  and  heat  were  concerned, 
but  which  averaged  about  2  per  cent  sulphur.  The  boilers  not 
being  forced,  there  had  bieen  no  appreciable  damage  from  the  sul- 
phur in  the  coal.  A  new  lot  of  coal  arriving,  showing  about  3.50 
per  cent  sulphur  but  otherwise  being  about  as  usual,  I  suggested 
that,  with  their  operating  conditions,  they  would  probably  find 
little  trouble  from  clinkering,  incidentally  remarking  that  the  only 
probable  damage  would  be  to  their  equipment.  The  superinten- 
dent asked  if  that  were  not  more  or  less  imagination,  so  I  suggested 
his  making  a  simple  test  of  the  point.  One  boiler  was  carefully 
cleaned  and  practically  new  grates  installed.  It  was  arranged  that 
the  3.50  per  cent  coal  should  be  used  exclusively  under  this  boiler 
for  one  day,  and  then  the  fires  pulled  and  an  estimate  made  of  any 
damage  that  could  be  observed.  A  few  days  later  we  received  a 
letter  from  the  superintendent  stating  that  the  test  was  run  as 
directed,  and  that  "after  four  hours  the  grates  were  entirely  de- 
stroyed." 

Walter  N.  Polakov.  The  value  of  coal  as  used  for  power 
production  is  chiefly  determined  by  its  steaming  capacity.  Gen- 
erally, there  are  two  reasons  for  the  condemnation  of  steam  coals: 


Fia.  3    Eptect  or  iMPirRiTiEs  in  Co&l  on  Boileb  Efticienct 
IN  Ttpicai,  Powbb  Plants 

Note:  Tuk  work  nlth  bonus  more  UumoSieli  the  hirm[u1«B«t 

dues.  For  instance,  a  mixture  of  1  part  run  of  mine  and  5  parts  of 
anthracite  screenings  was  observed  to  show  never  less  than  60  per 
cent  of  boiler  and  furnace  efficiency.  This  mixture  contained  15 
per  cent  of  ice  and  water,  28  per  cent  of  earthy  matter,  and  nearly 
2  per  cent  of  oxygen  —  a  total  of  45  per  cent. 

RESULTS    FROM   IMFUKTriEB   IN   COAL 

I  From  a  large  number  of  observations  with  coals  contaminated 

I       with  non-combustible  impurities  that  are  thrown  on  the  market  by 
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some  dealers  at  the  risk  of  the  couatry's  liberty  and  honor,  several 

conclusions  may  be  drawn: 

a  While  the  efficiency  of  steam  generation  with  so-called  war 
coals  drops  from  10  to  25  per  cent,  the  improved  boiler- 
room  management  based  on  task  work  with  bonus  in- 
variably more  than  offsets  this  loss.  (Fig.  3.) 
b  The  steaming  capacity  of  coal  drops  along  a  paraboUc 
curve;  i.e.,  with  the  increase  of  ash  content  the  evapora- 
tion drops  more  rapidly  in  the  beginning  and  more  slowly 
when  ash  percentage  is  getting  high.     (Fig.  4.) 


I 

I 

ParCent  K%h  m  Dry  Coal. 

Fia.  4    Relaiion  Between  Ash  Contest  and  Evaporation 

c  From  Fig.  4  it  appears  that  the  increase  of  ash  content 
from  14  to  18  per  cent  reduces  the  evaporation  per  pound 
of  coal  from  9  lb.  to  8  lb.  of  steam  (11.1  per  cent),  where- 
as further  drop  of  evaporation  from  8  to  7  lb.  per  pound 
of  coal  (12.5  per  cent)  corresponds  with  the  increase  of 
ash  content  from  18  per  cent  to  28  per  cent. 

It  should  be  noted  that  these  data  are  obtained  from  a 
number  of  band-fired  plants  using  mixtures  of  hard  aud 
soft  coal  for  a  period  of  over  18  months.  The  means  of 
recording  the  performances  were  in  all  cases  most  rigor^ 


operating  railways  and  jeopardiziDg  the  country's  pro- 
duction at  this  grave  momeot,  the  coal  producers  could 
disprove  the  charge  of  disloyalty  by  more  careful  prepara- 
tion of  coal  at  the  mines.  Cleaner  coal  will,  as  we  have 
seen,  not  only  release  large  parts  of  the  rolling  stock 
engaged  in  transporting  dirt  and  Blate,  but  also  reduce 
the  tonnage  required  for  steam  generation. 
g  It  is  to  be  remembered,  however,  that  half  measures  toward 
preparation  of  cleaner  coal  at  the  mines  will  not  go  half 
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way  in  ameliorating  the  present  car  shortage  and  furnace 
wastes.  By  reducing  ash  percentage  from  28  to  21  per 
cent  only  seven  cars  out  of  every  100  will  be  released, 
yet  by  removing  also  the  other  half  of  impurities  from 
coal  (i.e.,  placing  the  quaUty  of  coal  on  pre-war  stand- 
ard) the  need  will  be  satisfied  with  78  cars  out  of  every 
100  now  tied  up;  i.e.,  not  14  but  22  cars  may  be  released. 

To  sum  up,  the  vicious  economic  effect  of  impurities  in  the 
coal  can  be  overcome  as  follows: 

a  A  twenty  per  cent  car  shortage  may  be  taken  care  of  by 

releasing  22  per  cent  through  reinstatement  of  previous 

quality  of  coal  preparation 
b  Fiu*ther  conservation  of  coal  is  possible  by  adopting  more 

scientific  methods  of  power  generation  and  management 

of  plants. 

Carl  J.  Fletcher.^  During  last  winter  much  coal  was  wasted 
throughout  Indiana  due  to  the  forced  change  in  fuel.  There  are 
three  very  marked  differences  between  the  coal  mined  in  Indiana 
and  the  coal  mined  in  eastern  Ohio,  Pennsylvania  and  West  Vir- 
ginia: first,  the  amount  and  quality  of  the  volatile  matter;  second, 
the  liabiUty  to  clinker;  third,  the  form  in  which  the  impmities  occur 
in  the  coal  as  delivered  at  the  boiler  room. 

The  volatile  matter  in  eastern  coal  is  less  in  volume  and  also  higher 
are  hydrogen,  making  it  more  easily  combustible.  The  principal 
troubles  in  burning  Indiana  coal  Ue  in  lack  of  combustion  space, 
which  is  necessary  for  the  biuning  of  very  high-volatile  coal,  and  a 
proper  distance  from  the  fuel  bed  to  the  comparatively  cold  boiler 
surfaces,  which  rob  the  furnace  of  heat  and  do  not  allow  a  sufficiently 
high  temperature  for  the  combustion  of  all  the  volatile  matter. 

Second,  the  clinkenng  of  coal  is  due  primarily  to  the  fact  that  there 
is  more  iron  pyrites  in  Indiana  coal.  Iron  pyrites  can  be  successfully 
burned  without  objectionable  cUnkering  under  proper  conditions. 
More  draft  is  required  to  bum  Indiana  coal,  both  to  keep  the  grates 
cool  and  to  get  a  proper  mixture  of  the  volatile  matter  with  oxygsn. 
It  often  happens  that  in  planning  for  a  change  to  Indiana  coal  the 
grate  surface  is  enlarged,  reducing  the  available  draft  over  the  fire, 
when  the  proper  procedure  in  this  case  would  be  to  increase  the 
force  of  draft. 

i  Fuel  Ehigineer,  Knox  Ck)unty  Coal  Operators'  Associatioiiy  IndianapoKi, 
Ind. 
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Bearding  the  difference  in  the  form  of  impuiitiefl  in  eaatem 
uid  western  coal,  tl 
as  dtale;  whereas  ast 
uted  throi^hout  the 
comparatively  easy  i 
grates,  such  as  are  i 
»i^ad  to  western  co 
utd  mix  some  coals, 
To  bmn  Indiana  coal 
least  50  per  cent  aii 
pieoes  of  impurities  s 
of  the  burning  fuel. 

C.  E.  Van  Bbbgi 
isll  depends,  first,  oi 
[dacing  it  on  the  grai 
40per  cent  ash.  We 
under  ordinary  condi 

Oar  records  show 
to  March  1,  1917,  e\ 
tained  10  per  cent  asl 

our  coal  contained  17  per  cent  ash  and  evaporated  6.69  lb.  water 
per  lb.  coal.  An  increase  of  7  per  cent  in  ash  content  resulted  in  a 
loss  in  evaporation  of  12.2  per  cent. 

W.  L.  Abbott.  In  experiments  made  with  a  chain-grate  stoker, 
uaing  Illinois  coal  mixed  with  various  percentages  of  ash,  the  capac- 
ity and  efficiency  of  the  unit  dropped  gradually  with  an  increase  of 
ash  up  to  35  per  cent,  after  which  they  declined  rapidly  to  zero 
efficiency  and  capacity  with  a  fuel  containing  40  per  cent  ash.  The 
fuel  would  still  bum,  but  the  boiler  would  not  generate  steam.  The 
fuel  used  in  the  test  was  made  by  mixing  various  amounts  of  ashes 
with  a  clean  pea  coal,  the  ash  content  of  which  was  about  8  per  cent. 
Thus,  in  the  hnal  test,  the  coal  coDtaining  S  per  cent  of  ash  was 
mixed  with  an  additional  32  per  cent  of  impurities.  A  different 
furnace  or  stoker  might  have  given  a  somewhat  different  result, 
but  it  is  questionable  if  any  other  form  of  stoker  would  have  handled 
a  fire  containing  that  great  amount  of  readily  fusible  ash. 

Results  obtained  from  this  series  of  tests,  which  were  made  by 
mixing  ash  with  the  coal,  correspond  with  results  obtained  by  the 

'  Vice-PnsideDt  and  General  Manager,  Duluth  (Minn.)  Ediaon  Electric  Co. 
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Bureau  of  Mines  in  tests  made  in  St.  Louis  using  coals  with  an  in- 
herent ash  content  ranging  up  to  25  per  cent,  above  which  point  the 
Bureau's  tests  did  not  go. 

In  a  gas  producer  a  fuel  mixture  of  the  kind  first  described  would, 
no  doubt,  have  given  some  useful  results.  A  blast  furnace  always 
operates  with  a  fuel  mixture  containing  more  than  40  per  cent  of 
non-combustible.  If  a  coal  contained  as  much  as  40  per  cent  ash 
it  would  not  be  marketable,  and  might  rather  be  called  a  bitumi- 
nous shale.  Marketed  coal  contains  between  2  per  cent  and  15  per 
cent  ash,  as  extremes,  but  usually  less  than  10  per  cent.  If  the 
fuel  mixture  carries  more,  it  is  due  to  impurities  which  are  associated 
with  the  coal;  for  example,  a  coal  seam  analyzing  10  per  cent  in  a 
seam  sample  may  produce  mine  run  containing  15  per  cent  ash. 

With  increasing  ash  content  there  is  a  decreasing  boiler  efficiency 
and  an  increasing  cost  of  the  steam  produced,  and  while  coal  con- 
taining nearly  40  per  cent  of  ash  may  produce  some  steam,  it  is  rare 
indeed  that  it  is  economical  to  use  coal  containing  as  high  as  20  per 
cent  ash. 

Henry  Kreisinger.  The  statement  that  when  a  fuel  contains 
40  per  cent  refuse  it  becomes  valueless,  cannot  be  appUed  generally, 
as  there  are  places  where  such  fuel  has  economic  value.  In  power 
plants  located  near  the  mines,  washery  refuse  containing  less  than 
50  per  cent  combustible  can  be  used  profitably,  especially  if  the 
furnaces  are  designed  for  burning  such  fuel. 

Some  time  ago  the  Bureau  of  Mines  made  a  boiler  test  with 
washery  refuse  containing  41.8  per  cent  of  ash,  10.8  per  cent  of 
moisture,  47.4  per  cent  of  combustible.  The  test  was  made  under  a 
200-hp.  Heine  boiler  set  up  with  an  ordinary  hand-fired  furnace  with 
plain  grate.  About  75  per  cent  of  the  rated  capacity  of  the  boiler  was 
developed  with  average  overall  efficiency  of  47.5  per  cent.  Of  the 
47.4  per  cent  of  combustible  in  the  fuel,  8.6  went  with  the  ashes  into 
the  ashpit,  an  equivalent  of  22.5  was  absorbed  by  the  boiler,  an 
equivalent  of  10.4  went  up  the  stack  with  the  gases,  and  the  equi- 
valent of  5.9  was  lost  by  radiation,  incomplete  combustion,  and 
moisture  in  fuel.  The  largest  loss  was  up  the  stack,  due  to  large 
excess  of  air.  The  draft  was  0.92  in.  at  the  base  of  the  stack,  0.06 
in.  in  furnace,  and  0.75  in.  pressure  in  ashpit.  The  average  thick- 
ness of  fuel  bed  was  16  in.  The  fire  was  cleaned  every  hour.  On 
account  of  the  necessity  of  this  frequent  cleaning  the  average  capac- 
ity fell  below  the  rating  of  the  boiler,  although  between  the  cleaning 
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of  file  the  capacity  developed  was  above  the  rating.    It  was  also 
due  to  this  frequent  cleaning  that  the  stack  losses  were  high. 

The  essential  requirement  for  the  ecoQomical  burning  of  high- 
ash  fuels  is  a  continuous  and  automatic  removal  of  ash  from  the 
furnace,  so  that  the  operation  of  the  boiler  need  not  be  interfered 
with  by  frequent  cleaning  of  fires. 

B.  S.  MuBPHT.  The  following  notes  are  based  on  data  from  the 
Hudson  &  Manhattan  R.  R.  Co.,  and  especially  from  its  Jersey 
City  power  station,  which  is  an  anthracite-burning  steam-electiic 
plant  for  an  electric  raQway. 

The  boiler  equipment  consists  of  nine  900-hp.  Babcock  and  Wilcox 
boilers,  eight  hand-fired  and  one  equipped  with  a  Coxe  mechanical 
stoker. 

TABLE  5   CALORIFIC  VALUE  OF  COAL  AS  FIRED.  B.T.U. 
(Httdaon  and  Haiih»ttaii  R.  R.  Ok  Statkm,  Jmrny  City) 


Y«ar 

Minimnm 

Avacaia 

mi 

11.280 
11.060 
11.450 
11.550 
11.550 
11.150 
10.850 
10.750 

ii.5as 

11.428 
11.741 
11.912 
11.712 
11.503 
11.170 
10.900 

11,780 

m 

11.060 

1913 

12.000 

1914 

12.050 

1915 •..* 

11.900 

1918 

11.850 

1917 

11.350 

1918  (4  moe.) 

11.150 

The  fuel  is  anthracite  of  the  small  sizes.  Our  practice  is  to  use 
Xos.  3  and  4  buckwheat  mixed  with  bituminous  and  some  No.  1 
buckwheat,  this  latter  with  no  soft  coal  added.  All  fuel,  115,000 
tons  of  anthracite  in  1917,  came  from  the  same  contractor,  and 
approximately  all  of  it  orginated  from  the  same  collieries,  so  that  the 
combustible  portion  of  the  coal  should  be  relatively  the  same.  In 
Rg.  5,  I  have  plotted  the  calorific  value  of  the  fyel  by  months  in 
1916  and  1917  and  the  first  three  months  of  1918.  In  Table  5 
are  given  the  yearly  averages  and  the  maximum  and  minimum  months 
during  the  year. 

An  ash  analysis  gives  relative  values  for  the  ash  content  of  a  coal, 
but  the  true  test  is  the  proportionate  amount  of  furnace  refuse  as 
compared  with  coal  fired,  for  this  figure  takes  into  account  the 
unconsumed  carbon  as  well  as  the  ash  aftd  other  incombustibles,  for 
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unconaumed  carbon  in  the  refuse,  especially  for  hand  firing.     The 
average  values  of  this  for  1917  and  191S  are  shown  in  Fig.  5. 

From  the  foregoing  it  is  evident  that  there  has  been  a  marked 
deterioration  in  our  coal.     The  resultant  economic  effect  I  have 


Fig.  6    Fluctuation  in  Heating  Value  akd  Refdss  Content  op  Coal 

shown  in  Fig.  6,  which  gives  the  average  relation  between  the  calorific 
value  of  the  fuel  as  fired  and  the  relative  overall  plant  ee<^nomy. 


Fig.  6    Influence  op  Abb  Content  and  Hxatino  Vai.dx  op  Coal 
ON  Plant  Economt 

This  has  been  plotted  by  the  relative  percentages,  that  is,  mmnning 
that  the  best  coal  we  could  cxi>ect  would  give  a  plant  economy  of 
100  per  cent,  then  a  coal  of  10,500  B.t.u.  will  show  a  Ion  of  53  ps 


not  the  idiole  nnge  down  to  sero  B.t.u. 
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sures,  at  times  7  in.  water  gage,  to  burn  the  fires.  Another  notice- 
able feature  that  we  have  found  with  the  No.  1  buckwheat  is  the 
formation  of  a  Ught,  puffy  ash  that  builds  up  the  fires  so  rapidly 
that  they  last  only  about  three-quarters  of  an  hour  between  clean- 
ings, while  an  analysis  of  this  same  fuel  shows  but  16  to  17  per  cent 
(gravimetricaUy)  of  ash,  or  a  normal  ash  content,  again  showing 
that  too  much  dependence  cannot  be  placed  on  labcM^tory  analysis 
for  the  effect  on  the  fuel  of  the  ash.  As  a  rule,  with  anthracite  the 
ash  does  not  fuse  into  large,  hard  ctinkers  found  with  many  kinds  of 
bitimiinous  coals;  but  even  this  has  been  noticed  during  the  past 
winter,  some  of  the  clinkers  being  so  large  and  so  hard  as  to  neces- 
sitate their  removal  through  the  fire  doors  instead  of  through  the 
ash  hopper. 

UncoTiiumed  Carbon  in  Refuse.  In  our  station  it  is  necessary 
to  force  the  boilers  during  the  service  hours  to  140  to  150  per  cent 
rating.  To  do  this  with  good  firemen  and  good  coal  is  not  difficult, 
but  when  the  impurities  increase  and  the  quality  of  men  falls  off  it  is 
extremely  hard,  one  affecting  the  other.  It  is  necessary  with  the 
good  grades  of  No.  3  buckwheat  to  level  fires  about  every  eight 
minutes,  and  with  the  high  impurities  and  uneven  spreading  it  should 
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be  done  every  three  or  four  minutes.  This  is  heavy,  hot  work; 
it  is  much  easier  to  ''bail"  in  coal,  and  the  result  is  that  the  fire 
continues  to  build  up  because  the  ash  and  coked  coal  are  covered 
with,  green  coal  until  the  fire  becomes  so  heavy  that  it  is  impossible 
to  get  air  through  it.  Cleaning  then  wastes  a  large  amount  of  un- 
consumed  carbon  to  the  ashpit.  The  magnitude  of  this  loss  is  shown 
in  Table  6.  With  good  fuel  and  well-trained,  willing  firemen  this 
has  been  brought  down  to  less  than  20  per  cent. 

Summary.  Sunmiing  up  for  the  conditions  as  outlined  for  hand- 
fired  boilers  with  the  present  grade  of  firemen  available  using  Noe.  3 
and  4  buckwheat  coal  with  a  relatively  small  percentage  of  bitumi- 
nous, we  find  the  following: 

Calorific  value,  low  limit,  10,200  B.t.u.;  ash,  high  limit,  30  per 
cent,  depending  upon  the  behavior  of  the  impurities 

Effect  on  Plant  Economy:   An  increase  in  consumption  per 
kw-hr.  of  53  per  cent  from  12,000  B.t.u.  to  10,500  B.t.u. 

TABLE  0  LOSS  OF  COMBUSTIBLE  TO  THE  ASHPFT 


Month  — 1918 

Unbumed  Carbon  in  the  Rafuw, 
Per  Cent 

January 

February 

March 

44.10 
89.24 
40.89 

coal.  More  coal  is  consiuned,  more  coal  is  handled  to  the 
bunkers  and  to  the  fires  and  more  refuse  removed,  in- 
creasing the  unit  cost  of  power 

Effect  on  Personnel:  Much  hard  work  for  firemen,  with  the 
result  that  the  better  men  leave  for  easier  work  and 
poorer  men  are  hired  who  use  proportionately  more  ooal 
and  consequently  make  more  work  for  themselves 
Capacity:  The  capacity  of  a  plant  is  limited  by  the  small 
evaporation  per  pound  of  coal  and  the  much  shorter 
periods  between  cleanings 

Remedy:  If  the  amount  of  impurities  and  the  correspondingly 
low  calorific  value  cannot  be  remedied  at  the  mines,  where 
some  of  this  should  be  eliminated,  then  the  remedy  at  the 
fire  room  is  the  increasing  of  the  bituminous-coal  content 
in  the  mixture,  the  introduction  of  mechanical  stokers 
and  the  training  of  firemen,  if  the  men  can  be  induced  to 
stay  long  enough  to  be  trained. 
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R.  H.  Kuss.    -Close  observation  supports  the  following  views: 

It  is  feasible  to  arrive  at  accurate  conplusions  on  the  subject  of 
comparative  performances  in  well-conducted  plants  only,  since  ash- 
variatioA  effect  is  obscured  when  accompanied  by  slovenliness  in 
operation.  ' 

The  well-conducted  plant  employs  its  available  draft  intensity 
to  advantage,  meaning  by  this  that  the  tmit  rate  of  capacity  tends 
to  be  such  as  to  demand  strict  attention  to  tightness  of  settings, 
baffle  repairs,  cleanliness,  etc.,  resulting  in  a  comparatively  high 
rate  of  combustion  where  slovenly  methods  are  not  permissible. 

A  marked  increase  of  ash  content  in  the  coal  compels  a  reduc- 
tion in  the  usual  imit  capacity  rate  due  to  greater  grate-refuse 
resistance. 

A  coroUary  effect  is  to  carry  thinner  active  fuel  beds,  attended 
with  unevenness  of  air  distribution  through  like  grate  eones  in  order 
partially  to  overcome  the  disadvantages  of  lower  capacity  rates. 

With  a  surplus  of  draft  the  ill  effects  of  ash  increases  can  readily 
be  overcome,  though  plant  practice  as  to  firing  methods  must  be 
modified  to  suit. 

Where  extra  draft  intensity  is  employed  to  overcome  increased 
fuel-bed  resistance  due  to  extra  ash,  the  necessity  for  setting  tight- 
ness is  increased. 

The  usual  condition  is  that  available  draft  intensity  is  deficient, 
and  there  is  no  choice  but  to  operate  at  lower  capacities,  thereby 
causing  plant  standby  fuel  losses  due  to  radiation,  banking,  blow- 
downs,  soot  blowing,  combustible  in  the  refuse,  etc.,  to  increase. 

The  writer  customarily  attributes  pne-half  of  one  per  cent  as  a 
justifiable  decrease  in  efficiency  for  every  one  per  cent  increase  in 
ash  content,  but  believes  this  to  be  a  fair  figure  only  when  the  in- 
crease does  not  exceed  10  per  cent  of  the  total  in  ash  content  as 
revealed  by  a  chemical  analysis  of  the  coal  as  fired. 

A.  S.  Vincent.  The  building  of  which  I  have  charge  is  the 
largest  apartment  house  in  the  world,  occupies  a  whole  block,  has 
175  families  and  is  thoroughly  equipped  with  a  high-class  isolated 
plant.  Our  horsepower-hour  outputs  for  1916  and  1917  wete  al- 
most identical,  and  yet  in  1917  we  consumed  nearly  1000  tons  more 
than  we  did  in  1916,  due  only  to  the  inferior  grade  of  coal.  In  other 
words,  the  coal  censumption  in  1916  was  about  7000  tons  and  in 
1917  it  was  8000  tons.  This  plant  is  equipped  with  everything  an 
engineer  could  desire  to  enable  him  to  keep  plant  records. 
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Our  cost  per  boiler  horsepower-hour  in  1916,  including  all  over- 
head charges,  was  $0.0114  and  in  1917  was  $0,017,  due  almost  en- 
tirely to  the  excess  coal  used  and  at  a  cost  of  more  than  double  the 
1916  cost. 

Albert  A.  Cabt.  In  an  investigation  made  in  a  number  of  the 
largest  power  houses  in  the  East  during  the  latter  part  of  1917  in  the 
interest  of  fuel  conservation  and  its  bearing  upon  the  transporta- 
tion problem,  I  found  that  over  30  per  cent  of  all  transportation 
facilities  carrying  bituminous  coal  were  burdened  with  unnecessary 
impmities.  By  unnecessary  impiuities  I  mean  those  above  the 
normal  ash  which  had  been  carried  in  the  coal  when  the  power  houses 
were  obtaining  their  coal  under  specifications  defining  the  minimum 
B.t.u.  per  pound  of  coal  and  maximum  ash  content  acceptable. 

A.  J.  German.^  Our  experience  with  the  impurities  in  coal  has 
been  interesting.  We  at  first  had  trouble  imloading  the  coal  in 
that  the  foreign  matter  in  the  coal  broke  the  crusher  gears.  More 
trouble  is  given  when  the  coal  comes  into  the  automatic  stokers. 
Then  there  is  the  further  damage  done  to  the  furnace  side  walls  and 
to  the  bridge  walls.  When  about  to  unload  coal  we  try  to  pick  out 
the  slate  and  rock  on  top  of  the  car.  We  picked  up  pieces  last 
winter  as  large  as  4  ft.  in  length,  2  ft.  in  width  and  5  in.  in  thickness. 
We  picked  out  9000  lb.  of  such  material  from  three  45-ton  carloads. 

We  use  coal  crushers  with  one  set  of  rolls  with  beanngs  having 
spiral  springs  so  that  the  rollers  may  give  way  and  pass  a  too  solid 
piece  of  material,  such  as  rock  and  slate.  Nevertheless  we  had 
considerable  trouble  with  the  breaking  of  the  crusher.  To  avoid 
this  we  put  in  relays  with  an  automatic  overload  release.  This 
stopped  the  trouble,  which  may  be  considered  to  have  been  rather 
severe  inasmuch  as  we  broke  six  gears,  three  shafts  and  a  number  of 
bearings  last  winter.  We  use  chain-grate  stokers  and  have  found 
that  the  great  increase  in  the  amount  of  dust  in  the  coal  allows  a 
considerable  quantity  of  the  screenings  to  fall  through  the  grate. 
We  catch  these  in  a  hopper  placed  under  the  front  of  the  stoker. 

R.  J.  S.  PiGOTT.  In  connection  with  the  points  brought  up 
with  regard  to  the  effect  of  the  increase  of  non-combustible  material 
in  coal,  it  is  quite  true  that  both  the  efficiency  and  capacity  are 
seriously  affected  in  hand-fired  plants.    It  is  found  in  underfeed- 

*  Waterbury,  Conn. 
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stoker  plants  that  with  the  proper  operation  only  capacity  is  seriously 
affected.  In  two  well-operated  plants  the  efficiency  of  the  boiler 
room  has  not  been  seriously  affected  by  bad  coal;  but  the  capacity 
and  maintenance  of  the  equipment  are  affected.  The  increase  of  ash 
simply  cuts  down  the  B.t.u.  that  one  can  get  into  the  furnace  per  sq. 
ft.  of  grate.  The  trouble  is  that  many  plants,  due  to  the  large  in- 
crease in  ash,  have  to  run  close  to  their  safe  margin  of  capacity,  and, 
as  it  is  difficult  at  this  time  to  get  additional  apparatus,  the  trouble 
is  a  serious  one.  Therefore  it  is  the  hand-fired  plant  that  suffers 
most  seriously  from  this  condition,  and  it  is  that  plant  to  which  the 
Fad  Administration  will  have  to  give  the  greatest  amount  of  help. 

P.  W.  Thomas.^  The  incombustible  portion  of  the  coal  limits  the 
actual  almount  of  heat  contained  in  a  poimd  of  coal;  its  nature  deter- 
mines the  percentage  of  contained  heat  which  will  be  available  for 
initial  furnace  temperature,  and  the  components  of  ash  have  more 
bearing  upon  stoker  design  and  furnace  design  than  those  of  the 
combustible  portion  of  the  coal. 

The  following  functions  of  the  stoker  are  affected  by  the  quan- 
tity and  nature  of  the  ash: 

a  Weight  of  coal  fed  per  unit  of  heating  service  per  hour 
b  The  character  of  the  fuel  bed 
c  The  coking  time  of  the  combustible  coal 
d  The  nature  of  the  coke  residue 
e  The  proper  diffusion  of  air  admitted 
/  The  actual  mechanical  performance  of  both  moving-  and 
stationary-stoker  metal. 

The  design  of  the  furnace  is  greatly  affected  by  the  nature  of  the 
ash  and  should  be  such  as  to  avoid  the  following  defects: 

1  Impregnation  of  firebrick  with  slag  formation 

2  The  building  up  of  the  smaller  particles  of  fusible  ash  in  the 

furnace,  by  which  the  throat  is  restricted. 

Another  item  of  consideration  with  respect  to  the  ash,  especially 
in  horizontally  baffled  boilers,  is  that  the  velocity  of  the  gases 
through  the  first  pass  must  either  be  slow  enough  to  deposit  the  ash 
particles  in  the  combustion  chamber  or  sufficiently  strong  to  carry 
them  toward  the  last  pass  to  a  lower  temperature.  If  deposited  in 
the  first  pass  in  a  high  temperature,  they  will  build  on  the  tubes  and 
bottle  the  fmnace. 

^  Fuel  Engineer,  Central  Coal  &  Coke  Co.,  Kansas  City,  Mo. 
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To  our  minds,  therii  the  stoker  should  be  selected  after  an  in- 
vestigation of  the  ash  in  the  coal  to  be  used.  A  typical  analysis  of 
fluxing  ash  is  given  below: 

Per  Cent 

Silica  as  oxide 43.50 

Alumina 17.10 

Ferric  oxide 28.10 

Calcium  oxide 6.30 

Magnesium  oxide 0.75 

Sulphur  (sulphide  occluded  in  CaO) 2.75 

Carbon  dioxide trace 

Carbon  unbumed 1.90 

Alkali trace 

Moisture trace 

90.40 

The  probable  fluxing  temperature  of  this  ash  is  2138  d^.  fahr. 
(Cosgrove  states  that  silica  melts  at  3227  deg.  fahr.  A  silicate 
formed  by  the  combination  of  FeO  and  SiO  fuses  at  2318  d^.  fahr., 
a'nd  if  part  of  this  silica  is  replaced  by  16  per  cent  CaO,  the  resulting 
iron-lime  siUcate  will  fuse  at  2138  deg.  fahr.  The  above  ash,  if 
considered  from  the  standpoint  of  these  three  metals,  contains  57 
per  cent  silica,  37  per  cent  iron,  and  16  per  cent  calcium.) 

If  the  slag  is  allowed  to  accumulate  in  any  receptacle  such  as  a 
dump  grate  or  ash  pocket,  its  pecuUar  viscous  nature  will  invariably 
cause  trouble.  Sooner  or  later  the  mechanism  of  the  ash  dump  will 
clog,  with  a  resultant  shutdown  for  repairs  to  both  ash  pocket  and 
grate. 

If  any  of  these  coals  is  carried  on  a  thick  fire,  an  inversion  or 
disturbance  of  the  fuel  bed  will  precipitate  an  ash  run  in  the  fuel 
bed  proper.  The  slag  is  so  heavy  that  I  have  known  it  to  settle 
down  into  the  tuyere  boxes  against  a  pressure  of  5  in.  of  water,  and 
within  two  hours  close  the  entire  air  supply  of  the  furnace. 

Once  the  air  is  shut  off,  the  condition  becomes  aggravated  in  the 
following  manner:  The  pyrite  FeSs,  instead  of  oxidizing  to  the 
relatively  harmless  ferrous  oxide,  reduces  to  ferrous  sulphide,  FeS, 
which  has  the  same  fluxing  temperature  as  the  ferrous  lime  silicate, 
2138  deg.  fahr.,  but  when  the  FeS  melts,  it  runs  over  the  metal  of 
the  furnace  and  destroys  it.  Troughs  and  dead  plates  are  warped 
and  wasted.  A  run  of  molten  iron  sulphide  through  a  grate  of  any 
type  will  in  a  few  hours  carry  enough  metal  from  the  stoker  to  the 
ashpit  to  shut  the  boiler  down. 
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T.  A.  Marsh.  From  such  authentic  data  and  investigations  as 
have  come  to  the  writer's  attention  and  observation  with  high-ash 
coals  of  Iowa,  Texas,  and  Arkansas,  particularly,  there  seems  to  be 
much  to  confirm  the  statement  that  there  is  a  critical  point  in  fuel 
value  at  a  point  where  the  non-combustible  reaches  40  per  cent, 
^th  furnace  designs  of  the  last  five  years  it  is  not  strictly  true 
that  such  fuel  is  valueless,  for  some  very  creditable  results  are 
being  obtained.  Such  fuels  are  being  burned  with  10  to  12  per 
cent  COs  and  with  an  ashpit  loss  of  5  to  7  per  cent.  Combus- 
tion rates  of  from  30  to  40  lb.  per  sq.  ft.  of  grate  surface  per 
hour  are  common  practice.  The  critical  features,  however,  are  as 
follows: 

Low-heat-value,  high-ash  coab  and  Ugnites  cost  as  much  to  mine 
as  the  better  grades  of  fuel  and  in  many  districts  it  is  advantageous 
to  pay  the  increased  cost  of  the  better  fuel  in  order  to  take  advan- 
tage of  the  greater  niunber  of  B.t.u.  delivered  to  the  boiler  per  unit 
cost  by  using  superior  fuel  even  at  increased  cost.  Other  advantages 
are  high  boiler  ratings,  less  refuse  to  dispose  of  and  more  responsive 
boiler  tmits. 

This  is  therefore  a  commercial  problem.  If,  on  the  other  hand, 
the  problem  is  isolated  to  one  of  burning  high-ash  or  high-moisture 
coal,  the  writer  would  say  that  such  fuels  containing  even  as  low  as 
7000  B.t.u.  per  lb.  on  a  commercial  basis  are  being  burned  in  daily 
practice  and  in  good  quantities.  The  problem  is  simply  one  of 
furnace  design  and  has  been  pretty  thoroughly  worked  out  for  many 
such  fuels.  The  type  of  furnace  is,  of  course,  dependent  on  the  fuel 
and  boiler  to  be  served,  which  is  a  discussion  aside  from  the  topic 
at  hand. 

It  is  not  generally  known  that  lignites  containing  from  25  to 
33  per  cent  of  moisture  are  being  burned  in  conunercial  quantities. 
In  the  present  state  of  the  art,  little  success  has  been  attained  with 
lignites  having  more  than  33  per  cent  of  moisture,  but  with  lower- 
moisture  lignites  excellent  results  are  being  obtained. 

These  high-ash  and  high-moisture  coals  are  burned  on  chain 
grates.  Long  arches  are  provided  with  special  attention  to  the  focus- 
ing of  heat  at  the  front  to  ignite  the  green  fuel.  The  problem  of 
ash  and  refuse  disposal  is  absent  as  this  type  of  stoker  continually 
clears  itself  of  ash,  so  that  any  furnace  condition  once  definitely 
established  can  be  maintained. 
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2    To  What  Extent  Is  Fuel  Oil  Likely  to  be  Used  as  a  SvbstUiUe  for 
Coalf 

Ernest  H.  Peabody.  At  the  end  of  1914  the  total  aggregate 
world  output  of  oil  since  1857  had  reached  the  enormous  total  of 
about  5,500,000,000  bbl.  (of  42  U.  S.  gal.  each),  of  which  the  United 
States  had  produced  about  60  per  cent.  By  the  end  of  1916  this 
had  risen  to  6,478,944,229  bbl.  In  1916,  it  is  estimated,  there  were 
produced  460,639,407  bbl.,  of  which  the  United  States  produced 
300,767,158  bbl.  or  65  per  cent. 

The  data  in  Table  7  are  from  the  preliminary  report  of  the  U.  S. 
Geological  Survey,  and  show  that  in  the  year  1917  the  production 

TABLE  7    FUEL-OIL  PRODUCTION  BY  DISTRICTS  IN  1»1«  AND  1917 


Field 


Appalachian 

Lima,  Indiana 

lUinoii 

Oklahomar  Kansas 

Caotral  and  Northern  Teias 

North  Louisiana 

GulfCo«rt 

Rooky  Mountain. 

California 

Other  Fields 


Barrels 

23.009.465 
3.9O5,0OS 

17.714.235 

115.809.792 

9,303.006 

11.821.642 

21.768.096 
6,476.289 

90.951.936 
7,706 


300.767.158 


1917 


24,000,000 
3,600,000 

16.900,000 
147,000,000 

UgOOOgOOO 
8,700.000 

24,000,000 
0,200,000 

97,000.000 


uijnojan 


in  the  United  States  had  increased  some  14  per  cent  over  1916, 
reaching  the  record-breaking  total  of  nearly  342  milUon  barrels. 


FORTY  PER  CENT  OF  OIL  AVAILABLE  FOR  FUEL  PURPOSES 

At  least  40  per  cent  of  all  the  crude  oil  produced  will  be  available 
for  fuel  purposes.  Nothwithstanding  the  great  amount  required  for 
war  purposes,  particularly  in  the  Navy  and  the  rapidly  increasing 
merchant  marine,  it  is  well  worth  asking  whether  or  not  oil  fuel  can 
be  obtained  for  steam  production  on  shore. 

No  definite  statement  can  be  made  as  to  the  availability  of  oil 
in  any  particular  locaUty,  especially  under  the  existing  oonditioDS. 
At  all  times,  in  fact,  this  is  purely  a  local  question.  In  California, 
until  recently  our  largest  oil-producing  state,  and  where  no  coal  of 
importance  is  mined,  oil  will  doubtless  continue  to  displace  coal. 
In  Pennsylvania,  on  the  other  hand,  there  are  great  coal  deposits, 
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while  the  oil  produced  is  of  a  variety  exceedingly  valuable  for  refin- 
ing purposes,  so  that  coal  as  fuel  holds  decided  superiority  over 
oil  except  for  special  uses.  In  other  portions  of  the  country  the 
balance  may  fall  either  way — as  the  production  and  the  demand  vary 
and  as  the  transportation  problem  may  determine.  It  would  seem 
as  if  the  Middle  West  should  be  well  supplied  with  oil,  as  Oklahoma 
now  produces  more  than  one-fifth  of  all  the  oil  in  the  world. 

The  Mexican  production,  while  already  very  large  (nearly  forty 
million  barrels  in  1916),  has  been  restricted  on  account  of  a  deficient 
amount  of  tonnage  to  take  the  oil  away.  With  adequate  shipping 
facilities  it  is  probable  that  the  Mexican  fields  will  constitute  the 
natural  source  of  oil-fuel  supply  for  New  England  and  the  Atlantic 
states.  There  is  one  well  alone  in  Mexico,  the  Cerro  Azul,  estimated 
to  have  flowed  263,000  bbl.  a  day,  and  it  is  interesting  to  speculate 
on  what  these  fields  may  finally  produce. 

All  indications  point  to  the  probability  that  there  are  enormous 
quantities  of  oil  yet  hidden  in  the  earth's  crust  to  be  one  day  brought 
forth  by  the  prospector. 

CABB  BEQUIBED  TO  PREVENT  WASTE  OF  OIL 

A  coal  fire  in  the  hands  of  a  lazy  or  incompetent  fireman  may 
fall  far  below  the  desired  standards  of  exceUence;  but  it  can  only 
reach  a  certain  minimum  level  of  efficiency,  and  then  it  will  go  out. 
Coal  is,  in  fact,  of  such  a  nature  that  it  will  quietly  stand  a  certain 
definite  loss  in  economic  results,  and  then  it  will  quit. 

With  oil  there  is  no  limit  to  the  possible  wastefulness  that  may 
exist.  Give  it  poor  burners,  improper  furnace  conditions  or  not 
enough  draft,  and  it  will  smoke  and  sputter  and  drip  oil  and  waste 
itself  away,  but  never  give  up.  Give  it  too  much  air,  a  hundred 
times  too  much,  and  the  fire  will  burn,  the  oil  will  disappear,  the 
flame  will  be  bright,  there  will  be  no  smoke;  but  the  waste  may  be  so 
great  that  the  boiler  will  not  make  enough  steam  to  run  the  feed 
pump,  even  with  the  best  furnace  and  burner  arrangement. 

It  is  approximately  true  that  1  lb.  of  oil  equals  IJ  lb.  of  coal  in 

actual  steam-making  results.    Roughly,  this  is  equivalent  to  saying 

that  200  U.  S.  gal.  of  oil  equals  one  ton  (2240  lb.)  of  coal,  or  one  ton 

of  coal  equals  about  4|  bbl.  of  oil.    A  very  handy  rule,  but  like  the 

rest  only  approximately  correct,  is  this:  ^ 

When  the  price  of  coal  in  dollars  per  ton  (2240  lb.)  is  double  the  price  of  oil 
in  cents  per  U.  S.  gallon,  the  cost  of  fuel  for  producing  a  certain  boiler  capacity 
will  be  the  same  for  both  fuels.  Thus  two-cent  oil  equals  $4  coal,  or  four-cent 
oil  equals  $8  coal. 
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This  rule  takes  into  consideration  the  probable  increased  boiler 
eflBiciency  obtainable  with  oil,  but  makes  certain  assumptions  con- 
cerning the  heat  values  of  the  two  fuels  and  the  weight  of  the  oil  per 
gallon  which,  while  generally  representative,  may  or  may  not  be 
correct  in  any  specific  instance. 

Generally  speaking,  one  oil  burner  will  be  required  for,  say,  350 
to  400  boiler  hp.,  and  one  oil  fireman  can  attend  to  about  ten  burners. 

ReUable  tests  with  oil  fuel  have  shown  that  the  boiler  efficiency 
(i.e.,  the  percentage  of  heat  units  in  the  oil  which  is  actually  ab- 
sorbed by  the  steam  leaving  the  boiler)  may  be  as  high  as  83  to  84 
per  cent,  although  78  to  80  per  cent  may  be  considered  as  good 
work,  or  even  75  per  cent,  in  regular  operating  conditions.  With  coal 
fuel,  while  reports  have  been  published  by  some  pseudo-authorities 
showing  over  80  per  cent,  the  writer  beUeves  that  such  high  results 
with  coal  can  only  be  obtained  with  very  large  boiler  units  and  the 
most  efficient  mechanical  stokers.  Certain  it  is  that  in  hand-fired 
plants  75  per  cent  is  about  the  maximum,  while  65  per  cent  may  be 
considered,  very  good  average  work. 

The  advantage  possessed  by  oil  in  respect  to  increased  efficiency 
is  due  primarily  to  the  small  amount  of  air  required  for  complete 
combustion  in  excess  of  the  theoretical  amount.  This  may  be  re- 
duced to  10  per  cent  with  oil,  while  the  best  tests  with  coal,  hand- 
fired,  show  about  50  per  cent,  and  good  everyday  working  conditions 
run  as  high  as  80  or  100  per  cent. 

MAINTENANCE   LESS  WITH   OIL  THAN  WITH   COAL 

Maintenance  charges  are  decidedly  less  than  with  coal.  It  is 
true  that  higher  furnace  temperatiu-es  with  oil  as  a  rule  require  a 
better  quality  of  firebrick,  and  danger  may  result  to  boiler  heating 
surface  with  improper  furnace  arrangements  and  burners.  These 
points  are  easily  cared  for. 

The  theory  of  burning  oil  is  different  and  radically  distinct  from 
that  controlling  the  burning  of  solid  fuel.  Pulverized  coal  of  course 
in  some  respects  closely  approaches  the  character  of  burning  oil,  but 
coal  fired  by  hand  or  by  stokers  remains  substantially  at  rest  during 
combustion,  and  the  air  is  brought  to  it.  In  the  case  of  oil,  the  fuel 
is  moving  and  the  air  moves  with  it. 

In  varying  the  rate  of  combustion  of  coal,  the  amount  and  veloc- 
ity of  the  air  through  the  fuel  bed  are  altered  —  the  intensity  of  the 
draft  is  increased  or  decreased.  In  the  case  o£  oil,  the  amount  of 
fuel  itself  and  the  rate  at  which  it  enters  the  furnace  must  be  varied. 
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and  the  amount  of  air  entering  with  it  must  be  increased  or  decreased 
to  preserve  the  proper  ratio. 

The  lifting  of  an  oil  fire  is  a  simple  process.  The  oil  pump  is 
started  to  give  the  necessary  oil  preppure  at  the  burners.  The  draft 
is  opened  to  provide  sufficient  air  for  combustion.  A  lighted  torch 
is  then  placed  directly  under  the  burner  tip,  and  the  oil  is  then 
turned  on.  If  the  oil  is  at  the  proper  temperature  atnd  the  atomiser 
is  working  properly,  the  spray  at  once  bursts  into  flame.  The  spray 
muH  never  be  ^rted  wUhout  first  placing  a  lighted  torch  beneath  it; 
i.e.,  no  oil  must  be  injected  into  a  ''dark  furnace,"  for  if  it  is,  an 
explosive  mixture  may  be  formed  in  the  furnace  which  will  cause 
damage  if  ignited. 

SELECTION  OF  TYPE  OF  BURNER 

There  is  little  or  no  difference  in  the  action  of  compressed  air 
and  steam  in  atomizing  oil  as  far  as  boiler  work  is  concerned,  and  if 
the  air  is  compressed  to  over  30  lb.  per  sq.  in.  there  is  no  special 
difference  in  the  design  of  the  burner  itself. 

So  far  as  the  steam-boiler  furnace  is  concerned,  however,  the 
prospective  user  of  oil  may  forget  the  air  atomizer,  the  one  instance 
in  which  its  use  might  be  considered  being  that  in  which  the  saving 
of  fresh  water  (consumed  by  the  steam  atomizer)  is  a  matter  of  im- 
portance. And  in  this  case  a  mechanical  atomizer  will  probably  do 
the  work  effectively,  and  will  be  preferred. 

As  between  the  claims  of  the  steam  atomizer  vs.  the  mechanical 
atomizer,  the  issue  is  not  as  clear-cut.  On  board  ship,  except  in  the 
case  of  harbor  vessels  or  those  making  port  every  day,  the  steam 
atomizer  has  given  way  to  the  mechanical  atomizer,  where  the  saving 
in  fresh  water  for  the  boiler  makes  the  use  of  the  latter  type  prac- 
ically  imperative. 

There  is  practically  nothing  to  choose  between  the  two  types  in 
operating  results  under  equivalent  conditions.  The  steam  atomizer 
Ls,  however,  more  flexible,  i.e.,  the  individual  burner  has  a  greater 
range  in  capacity;  it  costs  less  to  install,  notwithstanding  that  it 
requires  two  lines  of  pipe  (oil  and  steam),  whereas  the  mechanical 
uses  only  one,  that  for  the  oil.  It  is  more  readily  applied  to  a 
coal-burning  furnace,  and  conversely  the  furnace  is  more  quickly 
converted  back  again  to  coal.  It  requires  a  lower  oil  pressure  and 
not  so  high  a  temperature  for  viscous  oils.  It  will  also,  in  general, 
require  less  draft  to  operate.  Furthermore,  where  special  arrange- 
ments of  burners  are  required,  as  in  the  case  of  the  so-called  "back- 
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shot"  burner  (placed  at  the  rear  of  the  furnace),  the  steam  atomizer 
is  susceptible  of  a  wide  range  in  design  which  has  been  found  useful. 
Thus,  while  the  steam  atomizer  has  many  advantages,  the  mechan- 
ical atomizer  gives  excellent  results  also,  and  it  will  require  actual 
comparative  tests  to  determine  finally  their  relative  value  in  station- 
ary boiler  plants. 

OIL  PRESSURE  AND   TEMPERATURE 

For  steam  (or  air)  atomizing  burners,  oil  pressures  of  25  to  50  lb. 
at  the  pumps  are  adequate,  and  under  certain  conditions  even  less 
pressures.  Overhead  tanks  a  few  feet  above  the  burners,  feeding 
the  oil  by  gravity,  have  been  employed,  but  this  is  inadvisable  on 
account  of  danger  of  fire,  and  pumps  are  usually  employed.  Mechan- 
ical burners  require  pressures  of  50  to  250  lb.  at  the  burner  tip, 
200  lb.  being  a  favorite  pressure  for  the  designer.  The  wide  range 
of  pressure  is  useful  in  adjusting  the  burner  capacity. 

A  steady  oil  pressure  is  a  necessity  for  oil  burners,  a  vital  necessity 
for  mechanical  burners.  Therefore  large  air  chambers  on  the  oil  line 
are  needed  if  the  usual  duplex  reciprocating  pump  is  used.  Rotary 
pumps  are  being  introduced  .in  the  Navy,  and  recently  the  screw 
pump  has  come  into  vogue.  These  piunps  give  a  steady  pressure 
oil  with  of  little  or  no  air  cushioning,  and  the  screw  pump,  particu- 
larly, seems  to  possess  great  possibilities  for  this  work. 

The  matter  of  heating  the  oil  is  rather  of  a  mechanical  nature,  as 
its  importance  bears  on  the  viscosity  of  the  oil  rather  than  on  any 
thermal  advantage.  Steam  atomizers  will  handle  more  viscous  oil 
than  the  mechanical  type,  therefore  steam  heaters  using  exhaust 
steam  from  the  piunps  and  capable  of  heating  the  oil  to  100  d^.  to 
125  deg.  fahr.  are  usually  satisfactory.  The  mechanical  burner  re- 
quires that  the  viscosity  of  the  oil  be  reduced  to  8  to  10  deg.  Engler  to 
spray  properly,  and  this  means  that  the  oil  (according  to  its  vis- 
cosity) must  be  heated  to  120  deg.  to  280  deg.  fahr.  The  latter 
temperature  is  required  for  heavy  viscous  oils  that  are  appearing  on 
the  market  to  a  greater  and  greater  extent.  In  a  mechanical- 
burner  installation  it  is  evident  that  the  oil  heater  is  a  most  essential 
part  of  the  equipment. 

IMPORTANCE   OF  AIR  REGULATION 

To  a  certain  extent  the  amoimt  of  air  being  deUvered  to  an  oil 
fire  is  indicated  by  the  color  of  the  flame,  a  very  bright,  intense 
white  (so  desirable  with  coal)  usually  indicating  that  too  much  air  is 
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buBtioD  of  1  lb.  of  fuel  oil  of  course  varies  with  the  composition  of 
the  oil,  but  it  may  be  considered  that  about  14  lb.  or  183  cu.  ft.  at 
60  deg.  fabr.  represents  the  average. 

BOILER   FURNACE   FOR   OIL   FUEL 

In  oil  burning,  "furnace  volume"  poaaessea  a  function  similar  to 
that  of  "grate  area"  in  burning  coal  fuel.  The  rate  of  combustion 
of  oil  per  cubic  foot  of  furnace  volume  may  be  increased  or  decreased 
according  Do  the  intensity  of  the  draft.  A  large  furnace  is  necessary, 
therefore,  if  the  draft  is  low,  and  the  furnace  can  be  made  smaller  if 
the  draft  is  increased.  This  effect  of  furnace  volume  on  the  rate  of 
oil  combustion  is  often  ignored  or  misunderstood;  but  it  is  of  prime 
importance. 

A  high  furnace  temperature  promotes  the  combustion  of  oil 
Owing  to  the  less  quantity  of  excess  air,  oil  furnaces  are  usually 
higher  in  temperature  than  those  burning  coal,  so  that  good-quality 
firebrick  with  a  fusing  point  nt  least  3000  deg.  fabr.  should  be  used. 
Notwithstanding  the  higher  temperature,  if  the  burners  are  set  and 
operate  properly  so  that  no  flame  impinges  on  the  wall  and  no  hard 
carbon  is  deposited,  the  wear  and  tear  should  not  be  great. 
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W.  N.  Best.  The  direct  answer  to  this  query  is:  First,  in  what- 
ever equipment  oil  as  a  fuel  is  found  to  be  cheaper  than  coal;  seoond, 
whenever  by  its  use  an  increased  output  is  secured;  third,  wherever 
a  superior  quality  of  metal  is  produced;  fourth,  to  safeguard  against 
shutdowns  in  power  plants  through  shortage  of  other  fuels;  and 
fifth,  to  carry  peak  loads  in  power  plants. 

We  will  first  consider  oil  in  power  plants.  If  the  coal  used  has 
a  calorific  value  of  14,000  B.t.u.  per  lb.  (good  bituminous  coal)  it 
requirqp  147  gal.  of  oil  to  represent  a  long  ton  of  coal  (2240  lb.),  the 
oil  having  a  calorific  value  of  19,000  B.t.u.  and  weighing  7.5  lb.  per 
gal.  With  oil  at  5  cents  per  gal.,  this  would  be  equivalent  to  coal 
at  $7.35  per  ton  delivered  in  the  coal  bin.  The  larger  the  power 
plant,  the  more  attractive  is  oil  fuel,  owing  to  the  fact  that  one  man 
can  fire  and  water-tend  twelve  300-hp.  boilers.  There  are  no  ashes 
to  handle  and  cart  away.  Of  course  the  saving  on  all  labor  such  as 
extra  firemen  and  ash  handling  will  vary  in  accordance  with  the 
number  and  size  of  boilers  in  the  plant.  I  only  mention  this  as  a 
concrete  illustration  as  to  how  an  engineer  can  calculate  the  cost  of 
the  two  fuels,  so  that  any  one  can  definitely  determine  if  oil  is  at- 
tractive or  not.  The  data  used  have  been  compiled  from  hundreds 
of  tests. 

In  the  eastern  part  of  the  United  States  oil  as  a  fuel  is  rarely 
found  to  be  as  cheap  as  coal  when  used  exclusively  as  a  fuel  in  boilers; 
but  last  winter's  experiences  fully  demonstrate  the  necessity  of  having 
coal-fired  power  plants  equipped  with  oil  as  an  emergency  fuel 
owing  to  the  uncertainty  of  the  coal  supply  and  also  to  the  delay  in 
delivery  occasioned  by  the  shortage  of  coal  cars.  It  is  the  writer's 
opinion  that  no  power  plant  today  is  safe  without  apparatus  for  the 
use  of  oil  as  an  emergency  fuel.  Also,  oil  may  be  used  as  an  emer- 
gency fuel  to  carry  peak  loads  on  either  hand-fired  or  itoker-fired 
boilers.  The  liquid-fuel-injecting  apparatus  may  be  placed  in  the 
side  wall  of  the  boiler,  midway  between  the  bridge  wall  and  front- 
end  setting,  or  may  be  placed  in  the  front-end  setting  and  will  not 
interfere  with  the  fireman  or  stoker.  A  lever  is  used  to  operate 
the  slide  gate  which  admits  the  air  to  support  combustion  inde- 
pendent of  the  air  admitted  through  grates  or  stokers;  thus,  if  it  is 
desired  to  operate  the  oil  burner  at  15  per  cent  of  its  capacity,  the 
gate  is  only  opened  sufficiently  to  admit  just  enough  air  for  the  per- 
fect combustion  of  that  amount  of  fuel  in  combination  with  the  coal. 
It  can  be  so  operated  that  no  superfluous  air  is  admitted  into  the 
firebox  by  simply  moving  the  lever  to  any  position  required.    As 
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soon  as  the  supply  of  coal  is  entirely  exhausted,  the  grates  or  stokers 
can  be  covered  with  cinders  and  oil  burned  exclusively.  When  a 
supply  of  coal  is  again  secured,  the  cinders  or  ashes  can  be  removed, 
the  burner  shut  off  and  the  air  gate  closed  while  only  coal  is  again 
burned. 

There  are  thousands  of  boilers  in  power  plants  and  in  gas  works 
where  to  carry  peak  loads  oil  or  tar  is  burned  in  combination  with 
coal,  breease,  etc.  Also  in  power  plants  where  bagasse  is  used  as  a 
fad  often  oil  is  necessary  to  aid  that  fuel  in  obtaining  the  full  rating 
of  the  boiler.  Oil  is  an  ideal  fuel  for  this  purpose,  for  by  its  use  one 
can  control  and  maintain  the  steam  pressing  as  desired.  It  ordi- 
narily requires  3  gal.  of  oil  to  each  ton  of  bagasse  burned. 

I  believe  all  marine  boilers  now  burning  coal  should  be  equipped 
with  oil  as  an  emergency  fuel.  Especially  should  this  fuel  be  used 
in  the  time  of  war,  for  by  its  use  in  combination  with  coal  the  boilers 
can  be  operated  at  200  per  cent  overload  in  a  few  minutes,  thereby 
increasing  the  speed  of  the  vessel  to  its  maximum. 

In  forging  plants  oil  should  be  used,  as  fuel,  for  thereby  the 
manufacturer  secures  the  nyaximum  output  and  a  better  quality  of 
metal  In  this  practice  80  gal.  of  oil  are  equivalent  to  a  ton  of 
goodcoaL 

In  heat-treating  furnaces  (low  temperatures)  72  gal.  of  oil  are 
required  to  represent  a  ton  of  coal  of  the  calorific  value  .referred  to. 
Since  it  is  true  that  steel  is  only  as  valuable  as  it  is  heat-treated,  oil 
is  superior  to  coal,  for  by  its  use  in  modern  furnaces  any  temperature 
required  can  be  attained  and  maintained  at  the  will  of  the  operator, 
and  an  even  distribution  of  heat  obtained  over  the  entire  charging 
space  of  furnace. 

In  foundry  practice  oil  is  an  incomparable  fuel  for  core  ove^, 
and  in  steel  foimdries  for  mold-drying  ovens,  etc. 

In  chemical  plants  where  accuracy  of  temperatures  is  very  im- 
portant, especially  in  the  manufacture  of  dyes,  oil  fuel  is  a  necessity. 

In  welding  flues  58  gal.  of  oil  represent  a  ton  of  coal  (all  coal 
and  oil  referred  to  here  have  the  same  calorific  value).  This  is  due 
to  the  fact  that  it  is  necessary  to  coke  a  coal  fire  before  welding  two 
pieces  of  metal  together,  and  in  this  process  of  coking  the  coal  all  the 
volatile  gases  are  wasted. 

Owing  to  the  superior  qualities  of  oil,  it  belongs  to  that  portion  of 
the  manufacturing  wofld  having  forging  and  heat-treating  shops, 
foundries  melting  various  kinds  of  metals,  and  power  plants  for 
which  an  emergency  fuel  must  be  provided.    I  am  confident  that 
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when  the  war  is  over  the  nation  having  control  of  the  most  oil  wells 
will  be  the  largest  manufacturer  in  the  world;  and  if  Germany 
controls  the  oil  fields  of  Roumania  and  the  Baku  fields  of  Russia, 
our  country's  greatest  competitor  in  the  manufacturing  world  will 
be  Germany,  although  we  (the  United  States)  now  contribute  62 
per  cent  of  the  world's  production  of  crude  oil.  We  must  conserve 
this  fuel  and  only  use  it  where  it  can  best  serve  the  nation. 

R.  J.  S.  PiGOTT.  One  very  important  point  militating  against 
the  substitution  of  fuel  oil  for  coal  (even  if  a  supply  were  obtain- 
able, which  it  is  not),  is  the  relative  price  of  fuel  oil  and  coal  per 
million  B.t.u.  In  all  but  the  most  favored  localities,  coal  is  about 
one-half,  or  less,  the  cost  of  fuel  oil  per  million  B.t.u.  For  instance, 
at  Bridgeport,  in  1915,  coal  was  $4  a  ton  (14,250  B.t.u.)  and  oil  4 
cents  per  gal.  (19,000  B.t.u.) ;  the  relative  cost  was  12.65  cents  per 
million  B.t.u.  for  coal  and  29  cents  per  million  B.t.u.  for  oil.  Any 
one  contemplating  the  substitution  of  oil  for  coal  would  be  faced 
with  a  doubled  cost  of  steam  production  under  such  circumstances. 
The  saving  in  labor  due  to  eUmination  of  coal  and  ash  handling  is 
insignificant.  The  difference  in  efficiency  is  jiow  next  to  nothing, 
since  the  development  of  the  underfeed  stoker  has  put  the  coal-fired 
boiler  practically  on  a  par  at  all  points  with  oil. 

One  very  large  source  of  waste,  and  an  inmiense  opportunity 
for  saving,  lies  in  our  industrial  heating  processes.  We  have  vast 
amounts  of  coal,  oil  and  gas  used  in  factory  processes  for  heat- 
treating,  annealing,  pit  fires,  forge  furnaces,  etc.,  in  nearly  all  of 
which  cold  work  is  introduced  directly  into  an  intensely  hot  chamber 
under  direct  flame,  and  no  attempt  whatsoever  made  to  use  the  heat 
in  the  flue  gases  for  preheating  the  work. 

In  connection  with  the  writer's  work  at  the  Remington  Com- 
pany, we  tested  several  types  of  oil-fired  forge  furnaces,  as  weU  as 
gas-fired  brazing  and  other  small-operation  furnaces,  finding  the 
efficiency  between  10  per  cent  and  15  per  cent.  In  some  cases, 
surface-combustion  or  semi-surface-combustion  furnaces  of  our  own 
design  were  substituted  for  Bunsen-flame  types,  cutting  down  gas  to 
one-third,  and  in  two  cases  to  one-fifth,  the  former  amounts.  We 
should  by  all  means  employ  preheating  methods  in  our  shop  opera- 
tions, making  use  of  the  familiar  counterciurent  principle  so  univer- 
sally adopted  in  such  heat-transfer  apparatus  as  condensers,  feed 
heaters  and  boilers.  There  is  no  question  but  that  we  could  at 
least  double  the  present  poor  efficiency  of  our  usual  primitive  shop 
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furnace.    At  one  of  the  large  brass  mills,  conveyor  furnaces  have 
been  developed  that  have  practically  doubled  the  heat  efficiency. 


Referring  to  the  coal  situation,  Mr.  Pigott  said  that  the  admir- 
able work  of  Mr.  Potter  and  Mr.  Cole  in  Pennsylvania  should  have 
the  hearty  support  of  the  Society,  since  it  was  a  method  of  curing 
the  cause,  not  the  effect,  —  which  eased  the  situation  both  from  the 
coal  burner's  point  of  view  and  that  of  the  transportation  company. 
He  therefore  offered  the  following  resolution,  which  was  unani- 
mously adopted: 

Whebeas,  a  large  proportioii  of  the  shortage  of  fuel  is  due  to  the  reduction  of 
capaeity  and  efficiency  occasioned  by  the  increase  in  Bon-oombustible  impurities 
in  the  ooal  as  furnished  from  the  mines,  due  chiefly  to  negUgenoe  on  the  partof 
the  operators;  and  to  the  consequent  increase  in  tonnage  hauled  for  a  given  total 
heating-yahie;  and 

Whxbeas,  Mr.  William  Potter,  Fuel  Administrator  of  Pennsylvania,  has 
taken  effective  steps  to  force  the  proper  cleaning  of  coal  by  establishing  inspection 
at  the  mines,  standarda  of  quality  and  punishment  for  infraction;  be  it 

Resohedf  That  the  members  in  attendance  at  the  Spring  Meeting  of  The 
American  Society  of  Mechanical  Engineers  indorse  and  support  the  action  oi  the 
above^nentioned  Fuel  Administrator  of  Pennsylvania. 

C.  H.  Delany.  To  engineers  on  the  Pacific  Coast,  where  fuel 
oil  has  for  many  years  been  the  only  fuel  available,  the  problem 
at  present  is  what  fuel  can  be  substituted  for  fuel  oil,  rather  than  to 
what  extent  can  fuel  oil  be  substituted  for  coal. 

During  the  past  two  years  the  price  of  fuel  oil  on  the  Pacific 
Coast  has  almost  trebled,  and  in  the  Northwest  its  use  has  prac- 
tically ceased,  other  fuels  being  substituted  for  it. 

In  CaUfomia,  where  there  is  practically  no  coal  available,  the 
use  of  fuel  oil  still  continues,  but  as  the  consumption  at  present  is 
considerably  greater  than  the  production,  it  is  questionable  how 
long  its  use  can  be  continued  without  restrictions. 

OIL-FUEL  SHORTAGE  WILL  GROW  MORE  ACUTE 

The  situation  will  shortly  grow  worse  on  account  of  the  immense 
quantities  of  fuel  oil  required  for  the  Navy,  especially  for  the  large 
number  of  destroyers  that  are  now  being  built.  It  seems,  therefore, 
that  unless  there  is  a  considerable  increase  in  the  production  of  fuel 
oil,  it  is  useless  to  discuss  the  possibility  of  its  being  substituted  for 
coal;  however,  there  is  always  a  possibiUty  of  new  oil  fields  being 
opened  up. 
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In  Table  8  a  comparison  is  given  of  fuel  oil  with  coal  of  heating 
values  varying  from  10,000  to  15,000  B.t.u.  per  lb.  The  heating 
value  of  the  oil  is  given  as  18,500  B.t.u.  per  lb.,  which  is  a  fair  aver- 
age value  for  California  oil,  the  variations  from  this  value  being 
small.  It  is  well  known  that  with  good  grades  of  semi-bituminous 
coal  better  boiler  eflSciency  can  be  obtained  than  with  the  low-grade 
western  coals,  and  to  make  this  comparison  fairly  correct  for  the 
different  grades  of  coal,  an  efficiency  of  60  per  cent  has  been  assumed 
for  coal  having  10,000  B.t.u.  per  lb.,  and  75  per  cent  for  coal  having 
15,000  B.t.u.  per  lb.,  with  intermediate  values  for  the  coals  that  lie 
between  these  extremes.  As  the  heating  value  of  coal  is  usually 
given  on  the  basis  of  dry  coal,  and  as  coal  when  purchased  invari- 
ably contains  a  considerable  proportion  of  moisture,  it  has  been 


TABLE  8    COMPARISON  OF  FUEL  OIL  WITH  COAL  OF  VARIOUS  HEATING 

VALUES 

(Coal  ooDtaining  6  per  cent  moisture) 


B.t.u.  per  lb.  dry  fiiel 

Boiler  efficiency,  per  cent 

Dry  fuel  per  boiler  hp.,  lb 

Fuel  aa  fired  per  boiler  hp.,  lb 

Coal  equivalent  to  1  bbl.  oil  (42  gal.),  lb. 

Price  of  1  ton  (2000  lb.)  of  coal  equiva- 
lent to  oil  at  S2  per  bbl..  dollars 

Price  of  1  bbl.  of  oil  equivalent  to  coal 
at  %5  per  ton,  dollars 


10.000 

11.000 

12.000 

13.000 

14.000 

15.000 

00 

63 

M 

60 

72 

75 

5.58 

4.82 

4.22 

3.73 

3.32 

2.97 

5.M 

5.13 

4.40 

3.97 

3.53 

3.16 

851 

737 

645 

570 

606 

454 

t 

4.70 

5.43 

6.20 

7.03 

7.M 

.  8.83 

2.13 

1.84 

1.61 

1.42 

1.26 

1.13 

18.500 

78 

3.32 

3.34 


assumed  that  the  coals  considered  in  this  comparison  contain  6 
per  cent  moisture.  In  the  case  of  fuel  oil  the  water  content  does 
not  usually  exceed  1  per  cent,  and  this  value  has  therefore  been 
used  in  the  comparison. 

The  comparison  given  here  considers  only  the  actual  value  of  the 
fuel  itself.  An  oil-fired  plant  is  considerably  cheaper  to  build  than 
a  coal-fired  plant,  due  to  the  lack  of  coal-handling  apparatus,  mech- 
anical stokers,  etc.;  furthermore  the  labor  in  the  oil-fired  plant  is 
much  less  than  in  a  coal-fired  plant,  and  consequently  the  actual 
comparison  for  any  particular  plant  will  l>e  somewhat  more  favorable 
to  oil  than  is  shown  in  Table  8. 

Fig.  7,  which  extends  the  information  contained  in  the  table  to 
other  prices  of  coal  and  oil,  will  serve  as  a  rough  guide  for  those 


in  proper  adjustment  for  all  loads. 

Automatic  regulators  are  now  on  the  market  for  oil  buming 
vhich  regulate  the  quantity  of  oil,  the  quantity  of  atomizing  steam 
and  the  quantity  of  air  required  for  combustion.  While  the  main 
advantage  of  the  automatic  device  is  that  it  insures  the  boiler  oper- 
ating at  maximum  efficiency  at  all  times,  it  also  has  the  advantage  of 
causing  considerable  saving  in  labor. 
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This  advantage  will  be  especially  true  in  the  case  of  SDoall  iso- 
lated plants  where  the  firing  is  of  poor  quality  and  where  the  cost 
of  labor  is  large  in  proportion  to  the  quantity  of  fuel  burned,  and  it 
is  in  these  small  plants  scattered  throughout  the  country  that  the 
greatest  benefit  would  be  derived  if  it  were  possible  to  substitute 
fuel  oil  for  coal. 

W.  G.  Williams.  Prior  to  1915  fuel  oil  offered  coal  keen  com- 
petition in  many  parts  of  the  country,  but  war  conditions  have 
placed  a  different  aspect  on  the  situation,  and  it  is  safe  to  say  that 
the  present  conditions  are  far  more  likely  to  prevail  after  peace  is 
declared  than  that  pre-war  conditions  will  obtain. 

The  requirements  for  petroleum  products  of  the  lower  end  points 
necessarily  keep  pace  with  the  growth  of  the  internal-combustion 
engine;  that  the  production  of  crude  petroleum  has  not  kept  pace  is 
evidenced  by  the  reduction  of  crude  in  storage.  In  1916  there 
were  162,000,000  bbl.  of  crude  in  storage,  and  at  the  present  rate  of 
reduction  this  reserve  will  be  exhausted  in  1919. 

Certain  localities  and  requirements  make  the  use  of  other  than 
liquid  fuel  practically  out  of  the  question.  On  the  Pacific  Coast 
oil  will  be  used  to  the  exclusion  of  coal  until  one  of  two  things  occurs 
—  production  of  crude  petroleum  falls  off,  or  a  method  is  discovered 
of  converting  the  output  of  crude  into  gasoline.  In  the  marine  in- 
dustry oil  is  practically  the  ideal  fuel,  and  with  the  enormous  in- 
crease in  shipbuilding  in  the  United  States  it  is  not  too  conservative 
to  say  that  our  fuel-oil  output  is  destined  for  almost  exclusive  use 
on  shipboard. 

It  is  true  that  the  maximum  output  of  the  Mexican  fields  is  still 
an  unknown  quantity,  and  that  the  known  oil  fields  are  only  a  small 
part  of  those  yet  to  be  discovered,  but  against  this  must  be  consid- 
ered the  proved  hfe  of  the  fields,  and  the  efforts  to  convert  crude 
petroleum  into  gasoline  exclusively. 

With  the  gigantic  strides  that  are  being  made  in  the  application 
of  internal-combustion  engines  for  motive  power,  the  effort  to  pro- 
duce a  corresponding  increase  in  the  fuel  for  these  engines  is  taking 
two  forms,  namely,  an  increase  in  production  of  crude,  and  of  gaso- 
line from  the  crude.  How  little  these  efforts  are  being  rewarded 
is  shown  by  the  decrease  in  production  in  the  Kansas,  Oklahoma, 
and  Texas  fields  of  82,000  bbl.  per  day  since  last  October,  and  the 
practical  failure  of  the  ''cracking"  processes  so  far  developed. 

Any  calculations  based  on  the  use  of  petroleum  as  fuel  are,  how- 
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ever,  rendered  valueless  by  the  fact  that  any  hour  of  any  day  may 
witness  the  development  of  a  new  oil  field  which  will  produce  petro- 
leum in  such  quantities  that  its  use  as  fuel  would  largely  supplant 
coal.  The  exhaustion  of  known  fields  is  no  bar  to  the  discovery  of 
new  and  larger  producing  areas,  and  I  believe  it  is  a  wise  eaoigineer 
who  keeps  this  possibility  in  mind,  just  as  he.  would  the  ultimate 
development  of  a  small  steam  plant  into  one  of  a  size  to  eventually 
accommodate  automatic  coal-handling  and  -firing  equipment,  and  I 
believe  this  is  particularly  applicable  to  those  of  us  doing  business 
west  of  Pittsburgh. 

C.  W.  KoiNBR.  No  relief  can  be  looked  for  in  the  East  from 
the  substitution  of  fuel  oil  for  coal  except  for  ocean-going  vessels 
and,  possibly,  to  a  limited  extent,  for  the  reason  that  i^  oil  would 
have  to  come  from  the  southern  and  Mexican  fields  and  the  condi- 
tions in  Mexico  are  so  chaotic  that  the  full  supply  of  oil  that  these 
fields  are  capable  of  putting  out  cannot  be  depended  upon. 

Practically  all  hydroelectric  plants  in  Califomia  have  been  linked 
together  from  the  southern  to  the  northern  part,  a  distance  of  approx- 
imately 800  miles,  with  a  view  of  eliminating  oil-buming  plants 
wherever  possible.  The  oil  reserve  in  Califomia  has,  during  the 
months  of  January,  February  and  March,  been  drawn  on  to  the 
extent  of  1,655,000  bbl.  The  month  of  April,  however,  shows  a 
little  improvement.  The  production  has  been  increased  and  the 
lack  of  shipping  facilities  for  carrying  the  oil  to  its  destination  has 
prevented  the  reserve  being  depleted  as  much  as  during  the  past 
year. 

PTJTURE  SUPPLY  FROM  VAST  OIL-SHALE  DEPOSITS 

Guy  Elliott  Mitchell  of  the  United  States  Geological  Survey,  in 
an  article  in  the  National  Geographic  Magazine  for  February,  1918, 
stated  that  the  total  production  of  petroleum  in  the  United  States 
up  to  1918  was  4,255,000,000  bbl.  In  r^ard  to  future  production, 
he  estimates  that  the  total  amount  in  the  ground,  some  of  which 
lies  very  deep,  is  about  7,000,000,000  bbl.  This  is  small  compared 
with  the  quantity  of  oil  that  can  be  extracted  from  our  oil-shale 
deposits.  He  tells  us  that  American  deposits  of  oil  shale  will  supply 
enormous  quantities  of  oil  in  the  future.  It  is  estimated  that 
20,000,000,000  bbl.  can  be  obtained  from  the  oil  shale  in  Colorado 
alone;  that  certain  ranges  of  mountains  in  which  these  deposits  are 
located  carry  thick  beds  of  rock  that  yield  30  to  100  gal.  to  the  ton. 
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The  shale  deposits  of  Indiana  are  estimated  to  carry  100,000,000,000 
bbl.  of  oil.  There  are  also  deposits  in  Wyoming,  Nevada,  Illinois, 
Kentucky,  Ohio,  Pennsylvania,  Tennessee  and  West  Virginia;  there- 
fore our  oil  supply  for  the  future  is  assured,  even  though  we  fail  to 
develop  additional  oil  territory  other  than  the  shale  deposits. 

Victor  J.  Azbe.  Fuel  oil  is  the  ideal  fuel  for  boiler  purposes. 
It  gives  high  boiler  efficiency,  high  boiler  capacity,  rapid  regulation, 
low  cost  of  handling,  low  cost  of  firing  with  hardly  any  disadvantages, 
but  it  should  not  be  burned  in  localities  with  a  ooal  mine  only  30 
miles  off.  In  the  southern  states,  especially  Texas,  plants  are  equip- 
ping to  burn  lignite  in  preference  to  the  present  expensive  fuel  oil, 
and  those  which  are  not  should  be  made  to  do  so. 

Lignite  is  the  best  fuel  to  be  burned  in  territory  where  available. 
Very  good  results  can  be  obtained  with  it  and  12  per  cent  COj  main- 
tained without  difficulty.  With  intelligent  firemen  in  charge  as 
high  boiler  efficiency  will  be  obtained  with  lignite  as  with  coal, 
and  it  has  not  been  unusual  for  the  writer  to  obtain  65  per  cent 
combined  efficiency  with  ordinary  return  tubular  hand-fired  boilers; 
and  with  proper  design  boilers  can  be  forced  far  beyond  their  rating 
with  lignite. 

The  value  of  wood  as  fuel  also  is  not  realized,  and  as  an  example 
I  will  mention  a  certain  plant  in  Louisiana  that  burned  oil  for  years 
at  80  cents  per  barrel.  All  at  once  the  cost  of  oil  increased  to  $1.40 
and  they  began  burning  wood  and  during  the  next  fiscal  year  the  cost 
of  fuel  per  unit  of  output  was  far  less  than  with  oil  at  80  cents.  To 
think  of  this  and  then  of  the  enormous  quantities  of  wood  wasted 
throughout  Mississippi  and  Louisiana  and  other  states  makes  a 
man  realize  how  unadaptable  we  are. 

H.  A.  Barre.  Oil  is  practically  the  only  fuel  used  for  power 
purposes  in  California,  except  a  small  amount  of  natural  gas. 

Originally  it  was  burned  as  it  came  from  the  wells,  but  of  recent 
years  the  crude  oil  is  all  topped  for  the  lighter  constituentSi  and  the 
residual  only,  having  a  gravity  of  14  deg.  to  18  deg.  B.,  used  for 
boiler  fuel.  The  unit  of  measurement  is  the  barrel  of  42  gal.  weagji- 
ing  about  335  lb.  and  containing  from  6,000,000  to  6,200,000  B.t.u. 
Compared  with  12,000-B.t.u.  coal,  one  ton  of  2000  lb.  equals  nearly 
four  barrels  of  oil. 

Before  the  war  the  price  for  favorable  delivery  points,  such  as 
tidewater  and  pipe-line  terminals,  was  60  to  70  cents,  equal  to  $2.40 
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to  $2.80  coal.    At  present  the  market  is  about  $1.45  per  barrel, 
equivalent  to  $5.80  coal  per  short  ton. 

These  figures  are  not  entirely  just  as  a  comparison,  since  the 
expense  to  store  and  fire  oil  is  much  less  than  for  the  corresponding 
thermal  equivalent  of  coal.  There  are  no  ashes  to  dispose  of,  and 
ease  of  control  in  firing  admits  of  hi^er  operating  plant  efficiencies. 
The  same  amount  of  investment  will  therefore  produce  higher 
thermal  efficiencies  than  with  coal. 

The  arrangement  of  the  furnace  is  more  important  than  the 
type  of  burner  used. 

The  oil  is  usually  atomized  by  steam.  The  resultant  spray  is 
burned  by  mixing  with  the  proper  quantity  of  air  and  distributed 
evenly  throughout  the  firebox  without  directly  striking  the  surfaces 
of  the  tubes  and  furnace  walls,  but  also  without  permitting  the 
occurrence  of  blank  spaces  which  might  admit  a  surplus  of  air. 

There  are  several  t3rpes  of  burners,  between  which  there  is  little 
to  choose.  Any  of  them  that  will  properly  atomize  the  oil  and 
distribute  the  flame  are  satisfactory.  The  two  extremes  of  the 
scale  of  desirability  are,  on  the  one  hand,  the  burner  which,  by  the 
use  of  a  slight  excess  of  atomizing  steam,  gives  steady  and  reliable 
service,  and,  on  the  other  hand,  the  one  where  the  steam  passages 
are  reduced  to  just  the  amount  necessary  for  atomization,  but  which 
must  be  watched  a  trifle  more  carefully  on  account  of  plugging  up 
at  times  with  dirt  or  carbonized  oil. 

The  steam  consumption  of  the  former  type  is  not  over  4  per  cent 
of  the  boiler  output,  and  of  the  latter  slightly  less. 

The  most  important  instrument  for  oil  burning  is  a  window  ip 
the  roof,  through  which  the  bcdler-room  engineer  can  see  the  top  of 
the  stack.  Smoke,  of  course,  is  always  a  loss,  and  when  flring  up 
cold  boilers  cannot  be  avoided.  A  more  serious  loss,  however,  is 
excess  of  air,  and  this  can  occur  with  a  perfectly  clear  stack.  The 
best  firing  will  be  done  by  increasing  the  amount  of  air  until  the 
smoke  stops  and  then  cutting  it  down  slowly  until  a  slight  haze  of 
smoke  shows. 

In  the  larger  plants,  of  course,  more  scientific  methods  are  avail- 
able. Steam-flow  meters,  venturi  meters  on  unit  groups  of  boilers, 
and  the  customary  stack  instruments  are  used  and  pay  better  re- 
turns than  perhaps  any  other  part  of  the  investment,  provided  always 
that  the  information  obtained  from  them  is  used  for  the  immediate 
correction  of  any  deviation  from  normal  conditions. 

Two  large  and  comparatively  modern  plants  have  been  for  some 
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years  under  the  writer's  observation.  One  of  these  is  of  40,000  kw. 
capacity,  having  three  5000-kw.  engine-type  units,  installed  in  1906, 
which  are  seldom  used,  and  two  15,000-kva.  turbines  installed  in 
1910and  1911.  Theotherisof  47,000  kw.  capacity,  having  one  12,000- 
kw.,  one  15,000-kw.,  and  one  20,000-kw.  turbine.  This  is  much  the 
better  plant. 

TABLE  0    OPERATING  CONDITIONS  WTTH  FUEL  OIL 


40.000-Kw.  Plant 


Year. 


1911. 

1913. 

1913. 

1914. 

1915. 

1916 

1917. 


Kilowatt- Hours 
Output 


126.377.000 

150.801.000 

163.015,000 

18.588.000 

5.274.000 

3.785.000 

4.930.000 


Bbl.  of  Fuel 
OU 


574.178 

732.444 

756.652 

161.190 

88.576 

81.783 

83.692 


Kilowatt- 
Hours  per 
Bbl. 


220.03 

206.00 

215.44 

115.30 

59  50 

46.30 

58.80 


47.000-Ew.  Plant 


Kilowatt-Hours 
Output 


Bbl.  of  Fuel 
OU 


Kilowatt- 

Hoonper 

Bbl. 


50.300.000 
94.046.000 
74.812.000 
77.556.000 
45.360.000 
133.528.000 


240.537 
439.454 
347,006 
338,749 
218,115 
663.177 


LO 
214.0 
215.7 
.0 
.S 
.0 


These  two  plants  are  a  part  of  a  large  interconnected  system 
having  a  total  capacity  of  nearly  200,000  kw.,  and  run  in  conjunc- 
tion with  a  number  of  water-power  plants. 

They  serve  three,  functions  —  (1)  As  a  steam  reserve  for  break- 
down of  lines  and  other  plants;  (2)  To  supply  kilowatt-hours  during 
the  season  of  low  water;  (3)  To  care  for  increases  in  load  until  these 

^  TABLE  10  BEST  OPERATING  RESULTS 


Plant 


40.000  kw. 
47.000  kw. 


!    Kilowatt- Hours 
I  per  Bbl. 


220 
240 


B.t.u.  par  Kik>watt-i 
Hour 


PvOnt 


27,300 
26.000 


la.ft 
is.es 


reach  sufficient  magnitude  to  justify  bringing  in  additional  water 
power.  The  annual  loads  and  load  factors  are  therefore  of  an  erratic 
nature. 

The  oi)erating  conditions  for  several  years  past  are  shown  in 
Table  9. 

It  will  be  seen  that  the  best  annual  operating  results  have  been 
approximately  as  shown  in  Table  10. 
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In  both  these  tables  the  results  are  net  after  acooimting  for 
statkm  auxiliaries;  that  is,  the  measoreniKits  are  oil  delivered  to 
the  stations  and  kilowatt-hours  ou^ut  at  the  station  feeders. 

Some  dl-burning  plants  having  a  hi|^  load  factor  have  reoentl^ 
been  put  into  operation  in  Arisona,  operating  at  about  19,000  B.t.u« 
per  kw-hr.y  or  nearly  18  per  cent  eS&demcy. 

In  these  two  plants  a  6004ip.  B.  &  W.  or  Stirling  boiler  will 
cany  with  auxiliaries  about  1000  to  1100  kw.  of  station  output. 


3    How  Can  Scjfi  Coal  Be  BwrnedWiihmUSm(ike  in  Marine 

AiiBEBT  A.  Cabt.  The  question  submitted  in  this  topical  dis- 
cission is  very  simple  and  direct,  and  equall^^  direct  answers  mi^t 
be  given  by  stating:  suppress  the  fires  in  the  furnace  by  firing  in 
such  smaU  quantities  as  to  prevent  the  emission  of  smoke;  or, 
aecare  complde  combustion  in  the  furnaces  and  combustion  cham- 
bers. The  first-named  metiiod,  of  course,  must  result  in  a  serious 
loss  in  the  vessel's  speed.  The  second  method  gives  the  onl^  wholly 
raticnal  sdution  of  the  trouble. 

The  average  types  of  marine  boilers  with  their  present  form  of 
attached  furnaces  make  it  well-ni^  impossible  to  secure  complete 
combustion  within  the  furnace  in  such  a  way  as  to  suppress  smoke 
without  sacrificing  efficiency.  On  the  other  hand,  it  is  possible  to 
make  rational  changes  in  the  steam-generating  equipments  for  new 
ships  so  as  not  only  to  suppress  the  smoke  nuisance,  but  to  carry 
vessels  through  the  danger  zone  at  their  highest  speed. 

To  accomplish  this  highly  desirable  end  by  working  along  the 
lines  of  the  latest  successful  developments  in  land  practice,  we  shall 
probably  require  4  ft.  more  headroom,  in  which  to  place  the  boilers, 
but  even  should  5  ft.  be  demanded,  the  tremendous  advantage 
gained  would  far  offset  any  objections  that  could  be  raised  to  this 
innovation  in  the  marine-boiler  practice  of  the  past. 

EXAMPLE    OF   A    STATIONART    INSTALLATION   APPLICABLE   TO    MARINE 

PRACTICE 

To  illustrate,  I  will  refer  to  an  equipment  for  stationary  boilers 
in  which  I  have  been  interested  from  a  purely  professional  stand- 
point, and  which  can  be  practically  adapted  to  marine  service  in  new 
vessels  to  secure  high  rates  of  coal  consumption  without  producing 
smoke. 

Eighteen  stokers  have  been  operating  500-hp.  boilers  24  hours 
per  day  continuously  for  two  years,  at  50  per  cent  above  their  rating, 
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with  average  grades  of  eastern  bituminous  coal  of  no  better  quality 
than  is  used  by  transatlantic  ships.  They  have  been  continuously 
burning  from  42  to  45  lb.  of  coal  per  sq.  ft.  of  grate  per  hour,  with  a 
clean,  smokeless  chimney  and  have  shown  an  easy  forcing  capacity 
when  over  60  lb.  of  this  eastern  bituminous  coal  is  burned  per  hour 
per  sq.  ft.  of  grate. 

The  coal  is  fed  from  the  hopper  to  the  fuel  bed  in  a  steady  flow 
in  such  manner  as  to  avoid  the  trouble  usually  following  its  coke 
formation  and  the  troublesome  caking,  and  then  it  is  moved  along 
the  grate  automatically  so  as  to  constantly  drop  its  ash  directly 
down  to  the  grate  surface  where  the  cool  entering  air  keeps  the 
temperature  of  the  ash  below  its  fusing  point,  thereby  avoiding  the 
formation  of  obstructing  clinker. 

The  resulting  ash  is  dumped  into  an  air-sealed  pit  where  it  is 
water-cooled  and  an  automatic  ash-removing  device  carries  it  for- 
ward into  the  front  ashpit  without  disturbing  the  air  seal  and  without 
disturbing  the  draft  conditions  of  the  furnace. 

The  deep  fuel  bed  is  always  kept  in  an  open  porous  condition 
over  its  entire  surface  like  a  huge  sponge,  thus  requiring  a  light 
air-blast  pressure,  seldom  exceeding  1  in.  water  pressure,  and  allow- 
ing each  stoker  to  be  operated  with  an  individual  disk  fan  (requiring 
but  little  power  to  operate)  instead  of  the  usual  heavy  steel-plate, 
forced-blast  fan  with  its  voluminous  air  ducts.  The  result  is  not 
only  a  saving  in  power  required  for  operation  but  also  a  material 
saving  in  space  requirements. 

With  the  clinkering  trouble  in  firebed,  side  and  bridge  walls 
thus  avoided,  hand  cleaning  of  the  fiirebed  is  almost  entirely  done 
away  with  while  the  firebed  is  easily  kept  level  and  of  uniform 
thickness  by  an  arrangement  of  the  automatic  feed  device. 

Adjustment  of  the  rate  of  coal  feed  is  quickly  and  easily  changed 
(along  with  the  speed  of  the  fan),  and  thus,  with  the  free-burning 
firebed  conditions  existing,  a  jump  from  low  to  high  steaming  capac- 
ity in  the  boiler  is  obtained  in  a  very  few  minutes. 

With  such  exceptional  fuel-burning  conditions  under  marine 
boilers,  the  production  of  smoke  would  be  prevented  by  securing 
practically  complete  combustion  in  the  furnace,  and  the  higjbctot 
steaming  capacity  of  the  boiler  obtained  to  take  the  veasels  throu^ 
the  danger  zone  at  high  speed. 

With  the  coal  supplied  to  the  furnace  by  simple  conveying 
apparatus  and  with  ash  delivered  from  the  ashpit  automatically  by 
the  stoker  and  conveyed  ovcrlx)ard  automatically,  hand  manipukir 
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tion  can  be  almost  entirely  done  away  with  and  a  happy  solution 
secured  of  the  present  difficulty  in  getting  the  greatly  needed  expert 
firemen. 

OsBORN  MoNNETT.^  As  to  whether  soft  coal  can  be  burned 
without  smoke  in  marine  boilers,  there  can  be  but  one  answer:  Yes. 
As  a  purely  engineering  problem  it  is  feasible.  Of  the  methods  tried 
for  this  work  the  underfeed  principle  has  been  best  adapted.  With 
this  method  the  headroom  and  ashpit  facilities  may  be  cut  to  a  mini- 
mum and  the  auxiliary  machinery  required  is  comparable  to  that 
ordinarily  used  for  forced-draft  hand-fired  furnaces.  Furthermore, 
this  principle  of  burning  soft  coal  is  well  adapted  to  the  character 
of  the  load  (variable  speed,  etc.),  and  handles  to  good  advantage  the 
class  of  coal  customarily  used  for  marine  purposes  on  our  eastern 
seaboard.    Theoretically,  all  points  are  in  its  favor. 

Moreover,   considerable  practical,  experience  has  been  gained 

with  underfeed  stokers  in  marine  work  in  the  past  ten  years.    A 

number  of  marine  installations  are  operating  successfully  today, 

among  which  might  be  mentioned  the  following:  Steamer  SpragiLC  — 

p  Scotch  marine  boilers — 12  stokers;    tug  Perfection — 1  marine 

firebox  boiler — 1  stoker;    tug  Mollie  Spencer — 1  marine  firebox 

boiler — 1  stoker;    dredge  Wm.  O'Connell  —  2  double-end  Scotch 

marines  —  8    stokers;     steamer    Gamma  —  6    tubular    boilers  —  6 

stokers;  dredge  Heda  —  2  Scotch  marine  boilers  —  2  stokefs;  Ward 

Engineering    Co.    steamers  —  2    Ward    marine    water    boilers  —  4 

stokers;  Holland- America  Line  steamer,  Frederick  VIII  —  8  Yarrow 

boilers  —  16  stokers. 

These  installations,  all  of  the  Jones  underfeed  type,  cover  a 
wide  variation  of  marine  service  from  dredges  and  river  steamers 
to  transatlantic  liners,  and  all  types  of  boilers,  including  Scotch 
marine,  marine  firebox  and  water-tube  boilers,  of  both  straight-  and 
^^^nt-tube  varieties. 

The  problem  is  not  so  much  a  mechanical  one  as  it  is  one  of  the 
human  element.  Put  one  man  (fourth  engineer)  who  is  familiar 
with  this  type  of  equipment  on  duty  on  each  watch  and  no  difficulty 
iieed  be  experienced.  The  necessary  men  could  be  recruited  from 
the  large  number  of  power  plants  in  this  country  now  using  under- 
feeds. 

As  far  as  hand  firing  with  Scotch  marine  })oilers  is  concerned, 
experience  has  been  discouraging.     The  writer  once  succeeded  in 

'  American  Radiator  Company,  Chicago. 
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operating  smokelessly  a  steamer  so  equipped,  without  any  apparatus, 
simply  by  charging  alternate  fires.  It  happened  that  the  boileis, 
two  in  number,  were  equipped  each  with  three  corrugated  furnaces, 
all  discharging  into  a  common  combustion  chamber.  The  volatile 
matter  from  the  fresh  fire  was  consumed  by  the  hot  gases  from  the 
other  two  fires.  With  two  furnaces  the  results  would  have  been 
less  satisfactory,  and  with  separate  combustion  chambers  (a  com- 
mon construction)  impossible. 

The  idea  in  hand-fired  furnaces  has  been  to  mix  the  gases,  after 
they  pass  the  bridge  wall  and  while  they  are  at  a  high  temperature, 
with  an  auxiliary  supply  of  air,  and  so  accomplish  complete  com- 
bustion. Experiments  have  been  made  in  Chicago  Harbor  with 
brick  arches,  bafBes  and  other  constructions  calculated  to  do  this, 
but  the  small  space  available  in  the  Scotch  marine  boiler  has  pre- 
vented satisfactory  results.  In  fact,  the  writer's  experience  with 
forced  draft,  induced  draft,  special  air  admission,  preheated  air,  panel 
doors,  steam  jets,  induction  tubes,  stack  blowers,  hollow  bridge  walls, 
etc.,  has  led  to  the  conclusion,  more  strongly  than  ever,  that  scune 
type  of  underfeed  stoker  is  the  logical  answer  to  the  Scotch  marine 
boiler  problem. 

In  water-tube  boiler  construction,  such  as  has  been  adopted  by 
the  Emergency  Fleet  Corporation,  there  is  more  opportunity  to  do 
things  and  it  is  not  unreasonable  to  hope  that  a  satisfactory  hand- 
fired  furnace  for  these  units  will  be  developed. 

H.  B.  Oatlet.  At  or  above  the  normal  rate  of  operation,  the 
burning  of  soft  coal  with  the  complete  elimination  of  smoke,  if  not 
impossible,  is  an  extremely  difficult  problem.  A  great  deal,  how- 
ever, can  be  done  to  approach  this  desired  state  of  perfection. 

Conditions  which  will  secure  proper  combustion  may,  of  course, 
be  provided  on  new  ships  and  we  are  led  to  expect  well-designed 
boilers,  furnaces  and  uptakes  on  the  ships  now  building.  On  ex- 
isting vessels,  however,  unfavorable  conditions  may  exist  with  respect 
to  the  proportions  of  air  openings  through  the  grates,  volume  of 
furnaces  and  combustion  chambers,  area  for  gases  through  fire  tubes 
and  around  water  tubes,  and  finally  areas  of  uptake,  breeching  and 
stacks.  The  means  for  heating  the  air  supply,  in  forced-draft 
installations,  may  have  been  inadequately  proportioned.  It  is  very 
desirable  —  in  fact,  it  is  imperative  —  to  improve  these  oonditions 
to  the  greatest  extent  possible.  It  is  probable  that  to  correct  these 
conditions,  so  far  as  the  boiler  itself  is  concerned,  would  be  prohibi- 
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tive  on  account  of  delay  and  exp&aae  in  installing  new  Ixnlers. 
Grates,  uptakes  *and  the  air-admission  channels,  however,  may  be 
corrected  in  a  short  time  and  at  a  reasonable  cost. 

Steam  economy  is  a  big  factor  in  the  elimination  of  smoke,  be- 
cause it  results  in  reduction  in  the  amount  of  fuel  used  and  reduc-: 
tion  in  the  rate  of  combustion. 

Improvement  in  marine  steam  plants,  considering  the  present 
use  oi  triple-expansion  engines,  turbines,  feedwater  heaters,  well- 
lagged  steam  pipes,  etc.,  presents  fewer  opportunities  than  in  other 
lines.    In  the  use  of  superheated  steam,  however,  miurine  power 
plants  in  this  country  are  considerably  behind  the  merchant  marine 
in  othexr  leading  countries.    There  are  opportunities  for  reducing 
the  fud  used  by  upward  of  12  per  cent,  and  naturally  a  greater  per- 
centage reduction  in  the  smoke  produced.    I  his  is  particularly 
api^cable  to  existing  ships  as  the  necessary  installations  may  be 
made  at  moderate  cost  during  an  overhauling.    A  reduction  in  the 
fuel  used  would  make  suitable  many  plants  that  have  restricted 
axeaa  through  which  the  gases  pass,  and  permit  of  greatly  improved 
combustion. 

For  fflristing  ships  there  is  a  greater  reduction  in  smoke  to  be 
expected  by  the  more  econoifdcal  use  of  steam,  at  least  under  present 
conditions,  than  by  any  other  means. 

M.  C.  M.  Hatch.  Soft  coal  can  be  burned  without  smoke  in 
marine  as  in  all  other  boilers  and  furnaces,  up  to  the  point  at  which 
the  furnace  volume  becomes  too  small  to  allow  for  proper  air-mixing 
and  combustion  space  for  the  volatile  hydrocarbons  contained  in 
the  coal.  This  varies,  of  course,  with  designs,  but  the  limits  im- 
posed by  the  unavoidable  restrictions  in  designs  for  marine  work 
make  it  most  difficult  to  force  high  ratings  from  such  boilers,  under 
hand-fired  conditions,  without  smoke. 

Coal,  in  pulverized  form,  induces  the  desirable  intimate  mixture 
of  gases  and  air  very  early  in  the  process  of  combustion,  and  it  has 
been  shown,  as  it  is  logical  to  expect  from  the  very  nature  of  its 
burning,  that  less  total  air  is  needed  per  unit  weight  of  fuel  than 
with  hand  firing.  In  support  of  this  it  has  been  repeatedly  shown, 
in  locomotive  and  stationary  practice,  that  smoky  coals  can  be 
burned  smokelessly  at  very  much  higher  rates  of  combustion  than 
possible  under  any  other  conditions.  The  logic  of  the  case  and  the 
facts  in  other  services  all  point  to  the  conclusion  that  soft  coal,  in 
pulverized  form,  can  be  burned  in  marine-boiler  furnaces  at  much 
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higher  rates  than  will  ever  be  possible  to  attain  with  hand  firing, 
and  that  smoke  will  be  eliminated  or  very  materially  reduced.  To 
just  what  point  the  furnaces  could  be  forced,  in  any  individual  in- 
stance, depends  very  largely  on  their  fundamental  design  and 
volume,  but  in  any  case  the  smoke  thrown  would  certainly  be  much 
reduced  by  the  use  of  pulverized  coal. 

Henry  Kreisinger.  Perhaps  the  best  way  of  burning  soft 
coal  in  marine  boilers  without  smoke  is  to  do  away  with  hand-fired 
furnaces  and  install  mechanical  stokers  or  pulverized  coal. 

For  smokeless  combustion,  two  requirements  are  essential:  First, 
the  volatile  matter  must  be  distilled  at  a  uniform  rate;  second,  the 
distillation  must  take  place  in  the  presence  of  large  amounts  of  free 
oxygen  so  that  the  volatile  matter  can  be  burned  before  the  smoke 
is  formed.  These  requirements  are  not  satisfied  in  the  hand-fiired 
furnace.  On  the  other  hand,  most  of  the  mechanical  stokers,  as  well 
as  the  powdered-coal  furnaces,  furnish  means  of  satisf3ring  these 
two  requirements. 

In  the  hand-fired  furnace  the  distillation  is  rapid  immediately 
after  firing  and  most  of  the  volatile  matter  is  distilled  during  the 
first  half  of  the  firing  cycle.  It  is  difficult  to  supply  enough  air 
during  this  period  of  rapid  distillation  without  having  too  hi^  an 
excess  of  air  after  the  distillation  has  been  nearly  completed,  unless 
the  air  supply  is  varied  in  such  a  way  that  it  is  at  all  times  nearly 
proportional  to  the  amount  of  volatile  matter  that  is  being  dis- 
tilled. Such  variation  of  air  would  require  close  attention  on  the 
part  of  the  fireman  and  is  hardly  practicable  aboard  a  ship  where 
firemen  are  changed  frequently. 

In  the  hand-fired  furnace  the  distillation  of  the  volatile  matter 
takes  place  in  the  absence  of  oxygen,  and  the  volatile  matter  is 
broken  down  by  heat  into  soot  and  Ught  hydrocarbons.  The  fresh 
coal  is  placed  on  top  of  the  fire  and  moves  down  toward  the  grate. 
The  air  is  fed  from  below  through  the  fuel  bed  in  the  opposite  direc- 
tion to  that  of  the  coal.  Before  the  air  reaches  the  distillation  sone 
at  the  surface  of  the  fire,  all  the  oxygen  is  used  up  in  burning  the 
carbon 4n  the  lower  layers  of  the  fuel  bed.  The  sooty  smoke  is  formed 
at  the  surface  of  the  fuel  bed  because  there  is  no  oxygen  to  bum  the 
volatile  combustible,  and  because  the  latter  is  subjected  to  high 
temperature;  it  is  not  formed  by  sudden  cooling. 

Most  mechanical  stokers  feed  the  coal  into  the  furnace  at  a  uni- 
form rate  so  that  the  volatile  matter  is  distilled  also  at  a  unifonn 
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rate.  It  is  therefore  comparatively  easy  to  adjust  a  uniform  supply 
of  air  to  the  volatile  matter  to  insure  its  complete  combustion  without 
a  too  high  excess  of  air. 

Furthermore,  with  most  of  the  mechanical  stokers  the  air  and 
the  coal  are  fed  into  the  furnace  in  the  same  direction^  so  that  at  the 
point  where  distillation  takes  place  the  air  contains  nearly  20  per  cent 
oxygen.-  On  account  of  this  large  percentage  of  free  oxygen  the 
combustion  of  the  volatile  matter  proceeds  to  completion  without 
deposition  of  soot. 

What  has  been  said  about  the  mechanical  stoker  is  true  of  the 
pulverized-coal  burner.  The  coal  and  air  are  fed  into  the  furnace 
together  at  a  uniform  rate  so  that  the  two  can  be  easily  adjusted 
to  the  proper  proportion.  The  volatile  matter  is  distilled  from  the 
msll  particles  of  coal  while  the  latter  are  surrounded  with  an  at- 
mosphere contaihing  nearly  20  per  cent  of  oxygen. 

With  the  pulverized  coal  a  large  part  of  the  mixing  of  the  com- 
bustible with  the  air  can  be  done  outside  of  the  furnace.  Thus  the 
combustion  space  of  the  furnace  needs  to  do  only  the  burning  and 
litUe  mixing.  Something  similar  to  this  is  being  done  in  the  gasoline 
engine.  Only  the  burning  is  done  in  the  combustion  chamber,  the 
mixing  being  done  in  the  carburetor.  High  temperature  is  of  lesser 
importance.  Complete  combustion  can  be  had  in  the  gas-engine* 
cylinder  in  spite  of  the  fact  that  the  walls  of  the  combustion  chamber 
are  water-cooled. 

Canying  on  the  mixing  outside  of  the  furnace  deserves  full 
consideration  in  the  case  of  marine  boilers,  because  the  restric- 
tion of  space  on  board  ship  makes  large  combustion  chambers 
prohibitive. 

Haylett  O'Neill.  ^  For  the  past  two  months  I  have  been  run- 
^  tests  of  marine  boilers  at  New  Haven,  Conn.,  using  pulverized 
coal  and  a  fuel  composed  of  pulverized  coal  and  oil.  We  have  been  able 
to  burn  these  fuels  without  smoke,  and  have  obtained  just  as  much 
sp^d  and  power  as  with  the  regular  oil-burning  equipment  aboard 
this  ship.  The  boilers  are  of  the  Normand  express  type,  with  a  very 
small  furnace  particularly  unsuited  to  such  fuel  as  powdered  coal.  I 
believe  that  the  future  will  see  much  work  done  in  marine  practice  in 
the  way  of  substituting  pulverized  coal  for  oil,  inasmuch  as  the  fuel 
in  the  form  of  coal  will  cost  about  one-half  or  even  one-third  what 
the  oil  will  cost,  with  about  the  same  cost  of  handling. 

'115  Broadway,  New  York,  N.  Y. 
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[On  board  the  boat  mentioned  by  Mr.  O'Neill  a  mixture  of 
powdered  coal  and  fuel  oil  is  used  —  32  per  cent  of  the  mixture  being 
coal,  95  per  cent  of  which  passes  through  a  20(>-me8h  screen.  The 
coal,  by  reason  of  a  newly  developed  fixateur,  remains  suspended  for 
many  days  without  settling  so  seriously  as  to  interfere  with  operation. 
The  usual  mechanical  Navy  burner  is  used  without  alteration.  The 
volumetric  heat  value  of  the  mixture  is  about  the  same  as  that  of  the 
straight  oil  with  an  average  good  coal  because  of  the  greater^  density 
of  the  coal.  If  this  mixture  of  oil  and  coal  proves  to  be  successful,  it 
would,  of  course,  if  widely  applied,  go  a  long  way  toward  relieving 
the  consumption  burden  now  imposed  on  our  fuel-oil  resources.  — 
Editor.] 

John  S.  Schumaker.  In  the  Assabet  mills,  Maynard,  Mass., 
about  twenty-one  Manning  type  boilers  were  used  to  bum  New  River 
coal.  The  furnaces  of  these  boilers  have  no  firebrick,  and,  ordi- 
narily, considerable  smoke  was  formed  in  the  combustion  of  the  coal. 
It  may  be  interesting  to  know  that  this  trouble  was  practically  elimi- 
nated by  the  introduction  of  air  above  the  fire.  The  fire  doors  were 
at  first  left  on  the  latch,  that  is,  left  open  a  trifle,  and  later,  as  a 
permanent  arrangement,  5-in.  openings  were  introduced  in  each  door. 
J'hese  openings,  when  properly  regulated,  greatly  reduced  the  smoke. 

Under  normal  operating  conditions  insufficient  air  was  supplied 
through  the  ashpit  doors  by  reason  of  their  being  partly  obstructed  by 
the  grate-shaking  device.  This  deficient  air  supply  resulted  in  uptake 
gases  showing  about  13^  per  cent  CO2  and  3  to  4  per  cent  CO.  The 
introduction  of  air  over  the  fire  compensated  for  the  deficient  under 
grate  supply  and  made  the  uptake  gases  show  14  per  cent  CQi  with 
only  traces  of  CO,  the  smoke  incidentally  being  greatly  reduced. 

4     What  Are  the  Possibilities  in  the  Directum  of  the  UtiUxUan  of 
Anthracite  Wastesf 

John  E.  Muhlfeld.  The  exclusion  of  almost  one-half  of  the 
48  states  in  the  Union  from  participation  in  this  year's  anthracite- 
coal  production,  and  a  shortage  of  25,000  to  50,000  men  from  the 
number  normally  engaged  in  the  anthracite  mining  field,  in  com- 
bination with  the  lack  of  water  and  rail  transportation  facilities, 
establishes  the  immediate  necessity  for  reclaiming  and  utilising  every 
ton  of  anthracite  silt,  slush  and  culm  that  is  now  being  produced  or 
which  is  stored  above  ground. 
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ANTHRACITB  WASTE  SHOULD  BE  CONSUMED  AT  THE  MINES 

As  about  one  ton  of  anthracite  coal  is  now  consumed  at  the 
mine  in  the  production  of  steam  to  mine  each  8  or  9  tons  produced, 
the  logical  use  to  which  these  waste  sizes  should  be  put  is  in  the 
production  of  power,  heat  and  light  at  the  mines.  By  this  procedure 
useful  by-products  of  from  11,000  to  12,000  B.t.u.  heat  value  per 
pound  —  which  are  now  being  wasted.by  diversion  to  streams,  back 
filling  into  abandoned  mines,  or  by  dumping  in  culm  banks,  and 
which  represent  about  10  per  cent  of  the  total  tonnage  mined  —  can 
be  made  to  release  from  85  to  90  per  cent  of  the  commercial-size 
antliracite  that  is  now  being  consumed  for  mine. steam  generation 
for  use  in  locomotives  and  at  industrial  plants  located  nearest  the 
points  of  production.  In  other  words,  in  the  production  of  80,000,000 
tons  of  domestic  and  steam  anthracite  during  the  current  coal  year, 
the  reclamation  and  utilization  of  the  silt,  slush  and  culm  by-product 
for  mine-operation  purposes  would  release  about  8,000,000  additional 
tons  of  steam-size  anthracite  that  could  be  diverted  to  commercial 
use  and  more  than  make  up  the  shortage  in  supply. 

It  should  be  remembered  that  the  only  cost  for  this  additional 
tonnage  would  be  the  means  required  for  its  reclamation  and  for  its 
preparation  and  use,  as  the  labor,  material  and  plant  for  mining  are 
now  being  employed  in  its  production. 

By  pulverizing  this  by-product  anthracite  and  burning  it  in 
suspension,  as  oil  or  gas  is  burned,  it  can  be  used  for  stationary- 
boiler  purposes  without  the  admixture  of  any  other  fuel,  and  easily 
produce  from  100  to  150  per  cent  of  the  rated  boiler  capacity.  For 
locomotives  it  can  be  utilized  by  mixing  60  per  cent  with  50  per  cent 
of  any  gas  or  soft  bituminous  slack  or  screenings  available,  then 
pulverizing,  and  burning  it  in  suspension. 

BURNING  ANTHRACITE  IN  SUSPENSION 

The  ideal  means  for  preparing  and  disbursing  this  fuel  would 
be  to  install  preparation  plants  at  the  collieries,  from  which  both 
locomotives  and  stationary  power  plants  could  be  supplied,  thereby 
relieving  railway  facilities,  locomotives  and  cars  otherwise  required 
for  its  transportation.  Such  utilization  would  also  avoid  the  use  of 
cars  and  vessels  for  hauling  fuel  with  a  relatively  high  percentage  of 
non-combustible.  Every  ton  of  anthracite  to  be  shipped  by  rail  or 
water  for  any  considerable  distance  should  have  not  more  than  10 
per  cent  of  ash  and  impurities  and  be  of  the  best  quality  possible 
to  conserve  the  already  overburdened  transportation  facilities. 
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Anthracite  by-products  can  be  reclaimed  and  utilized  for  what 
it  now  costs  to  place  them  on  the  dump  or  to  pump  them  back  into 
the  mines,  and  by  proper  preparation  and  burning  in  suspension  — r 
as  with  oil  or  gas  —  there  will  be  the  additional  power-plant  ad- 
vantages of  reduction  of  man  power,  greater  boiler  capacity,  better 
control  of  steam  pressure,  eUmination  of  banked  fires,  decreased  ash- 
pit handling,  elimination  of  fire  cleaning  and  of  metal  work  in  the 
furnace,  better  combustion,  and  lower  fuel  losses. 

Furthermore,  with  the  relatively  low  volatile  nature  of  these 
waste  by-products,  which  require  a  temperature  of  between  550 
and  600  deg.  fahr.  to  produce  combustion,  there  will  be  no  difficulty 
in  handling  or  storing  fuel  after  pulverizing  in  any  manner  desired 
from  the  standpoint  of  loss  of  heat  value  or  spontaneous  combustion. 

At  present  the  bituminous  coal  supply  is  only  running  at  from 
75  to  80  per  cent  of  production,  due  largely  to  a  shortage  of  from  10 
to  15  per  cent  in  the  car  supply.  As  the  anthracite  supply  of  com- 
mercial steam  sizes  is  also  inadequate,  unless  some  means  is  im- 
mediately adopted  to  provide  for  the  reclamation  and  utilization  of 
useful  mining  by-products,  we  can  expect  the  same  hardships  on 
the  people  and  the  manufacturing  industries  as  obtained  last  winter. 

M.  S.  Hachita.^  In  preparing  anthracite,  there  are  two  kinds 
of  waste  produced:  first,  fine  material,  the  largest  pieces  of  which 
are  no  bigger  than  ^7  in.,  which  is  so  fine  that  heretofore  it  has 
been  considered  unmarketable;  second,  rock  refuse.  The  latter 
material  has  been  picked  out  during  the  process  of  preparation. 
The  production  of  culm  at  present  is  approximately  7§  per  cent  of 
the  total  output. 

TONNAGE  OF   CULM   AVAILABLE 

The  average  culm  production  from  the  beginning  of  the  industry 
to  the  present  time  (1820-1918)  is  about  15  per  cent  of  the  tonnage 
mined.  According  to  the  statistics,  the  anthracite  mined  and 
shipped  from  1820  to  January  1,  1918,  amounts  to  2,332,673,250 
tons,  so  that  the  amount  of  culm  produced  during  the  same  period  is 
349,901,000  tons.  Out  of  this,  alK)ut  50  per  cent  has  be^i  taken 
into  the  mines  to  support  the  roof  and  washed  away,  leaving 
174,950,000  tons  available  above  ground  in  the  whole  anthracite 
field. 

The  rock  refuse,  which  consists  of  slate  and  bony  coal,  amounts 
to  approximately  10  per  cent  of  the  output,  or  about  233,267,000 

»  Chemist,  I^ehigh  Valley  Coal  Co.,  Wilke»-Barre,  Pa. 
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tons.    The. slate  which  occurs  in  anthracite  measures  is  entirely 
unlike  that  used  in  roofs,  sidewalks,  etc.    On  the  other  hand,  it 
contains  from  28  to  48  per  cent  of  combustible  material,  while 
bony  material  contains  from  45  to  70  per  cent  of  combustible, 
rock  banks,  composed  of  slate  and  bone,  contain  at  least  50  per 
of  the  heat  in  conmiercial  anthracite.    At  the  present,  rock 
is  not  utilized  as  fuel  in  the  anthracite  field. 

The  fine  material  which  is  locally  known  as  culm,  sh^aSi,  or  silt, 
contains  70  to  85  per  cent  of  combiMible  material.  ImiB  therefore 
a  good  fuel,  provided  proper  means  of  bumii^  it  can  pe  used.  Dur- 
ing the  last  sixty  years  a  large  amount  of  experimcjuting  has.  been 
done  with  a  view  of  utilizing  this  material.  V 

A  thorough  research  relative  to  the  utilization  of  anthracite 
cufan  was  made  by  the  Lehigh  Valley  Coal  Co.  in  19IS,  at  tiie  Spring 
Brook  boiler  plants,  near  Hazleton,  Pa. 

For  this  purpose  there  were  arranged  a  battery  of  f  dmr  cylindrical 
boilers  33  in.  in  diameter  and  30  ft.  long;  one  smoke ''tptack  33  in. 
in  diameter  and  33  ft.  high;  a  total  grate  area  of  132  sq.^it.,  having 
air  space  of  19.8  sq.  ft.,  or  15  per  cent  of  the  total  area.       \ 

The  fuel  was  burned  imder  forced  draft  of  i  in.  watear  gage. 
The  mixture  consisted  of  culm  and  bituminous  coal.  In  the  test 
the  fuel  was  fired  in  alternate  layers  of  bituminous  coal  and  culm, 
also  a  thorough  mixture  of  both  fuels  in  various  proportions.  It 
was  soon  found  that  a  thorough  mixture  of  culm  with  bituminous 
coal  was  the  better  method  and  this  method  was  therefore  used 
throughout  the  tests. 

MIXTURES  OP  SOFT  COAL  AND  CULM 

The  first  series  of  tests  consisted  of  30,  50,  and  70  per  cent  of 
nin-of-mine  coking  coal  mixed  with  70,  50  and  30  per  cent  of  culm 
from  the  Hazleton  Shaft  Colliery  of  The  Lehigh  Valley  Coal  Co. 
The  second  set  of  tests  consisted  of  a  mixture  containing  pulverized 
bituminous  coal.  The  biggest  pieces  of  soft  coal  in  the  mixture 
were  not  larger  than  2  in.  in  diameter.  Both  fuels  were  thoroughly 
mixed  in  the  above  proportions  by  the  use  of  shovels,  and  fired. 
The  result  of  these  tests  shows  that,  in  every  case,  the'  pulverized 
bituminous  coal  produced  the  better  results. 

The  non-coking  bituminous  coal  was  also  tried  but  it  did  not 
produce  the  same  results  as  those  produced  by  the  coking  coal. 
The  reason  why  the  coking  coal  is  better  adapted  to  mix  with  the 
culm  lies  in  the  fact  that  the  coking  coal  fuses  at  a  comparatively 
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low  temperature  and  the  fusion  takes  up  the  particles  of  cukn,  form- 
iiig  a  homogeneous  mass  of  fuel  which  burns  uniformly.  The  re- 
sii^ts  of  these  tests  show  that  a  mixture  consisting  of  30  per  cent  of 
culnb  and  70  per  cent  of  coking  bituminous  coal  produced  a  water 
evaporation  equal  to  that  afforded  by  the  straight  bituminous 
coal.  \  It  was  also  noticed  that  the  mixture  was  easier  to  bum  than 
soft  coSl  alone.  This  is  due  to  the  fact  that  when  soft  coal  alone 
is  burned\the  fuel  bed  becomes  a  hard,  coked  mass  requiring  con- 
siderable poKKng  to  effect  complete  combustion,  whereas  in  the  case 
of  the  mixtureAthe  coked  fuel  is  more  easily  handled  by  the  fireman. 
It  was  also  noticed  that  the  fuel  produced  little  smoke. 

In  September,  1917,  E.  E.  Loomis,  president  of  the  Lehigh 
Valley  Railroad  iCo.,  was  informed  by  F.  M.  Chase,  vice-president 
and  general  manager  of  the  same  company,  about  the  formula  of  the 
mixed  fuel  wit^  the  view  of  burning  the  mixture  on  stoker  engines. 
It  was  then  decided  to  try  it  on  big  freight  locomotives  running 
between  Hazleton  and  Lehighton,  a  distance  of  26  miles.  In  this 
test  the  {\xe^  consisted  of  30  per  cent  culm  and  70  per  cent  of  stoker 
coal  or  slack.  The  train  was  made  up  of  50  cars  of  coal  hauled 
from  Hazleton  to  Lehighton,  and  returned  to  Hazleton  with  65 
empty  cars.  There  was  no  trouble  experienced  in  the  test  and  in 
later  evaporation  tests  made  on  locomotives  using  the  mixed  fuel 
and  straight  bituminous  coal. 

MORE  STEAM  WITH  MIXED  FUELS 

The  results  of  these  evaporation  tests  showed  that  the  mixed 
fuel  produced  approximately  30  per  cent  more  steam  than  straight 
bituminous  coal  although  the  calorific  power  of  the  latter  was  con- 
siderably greater  than  that  of  the  mixed  fuel.  This  is  due  to  the 
fact  that  the  complete  combustion  of  the  hydrocarbon  is  possible 
in  the  mixed  fuel,  whereas,  in  burning  straight  bituminous  coal, 
the  greater  part  of  these  valuable  hydrocarbons  is  lost  as  smoke. 

B.  S.  Murphy.  Our  plant  was  designed  to  use  the  small  siies 
of  anthracite  coals  and  under  normal  conditions  we  have  no  difficulty 
in  doing  so  even  with  the  No.  4  or  dust.  The  increase  in  the  im- 
purities with  a  relative  decrease  in  calorific  value  due  to  colliery 
methods  such  as  mining,  failure  to  wash  in  the  larger  siaes,  such  as 
No.  1,  the  large  amount  of  shale  and  pebbles  in  the  so-called  river 
coals,  dredged  coals,  etc.,  has  placed  a  different  aspect  on  the  prob- 
lem; but  one  that  can  be  solved  successfully  for  such  plants 
now  equipped  or  will  procure  the  necessar>'  equipment. 
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The  coal  used  varies  from  strai^t  No.  1  buckvdieat  to  No.  3 
and  No.  4,  the  latter,  or  dust,  using  the  reoommeDded  A.S.M.E. 
scale,  being  that  passing  throuj^  a  /rJn.  opening.  Our  so-called 
No.  3  has  from  45  to  60  per  cent  dust  and  the  No.  4  over  60  per  cent 
and  up  to  85  per  cent  through  ^Wn-  screen. 

XNlTiUSNCE  OF  SBB  OF  COAL 

It  is  most  desirable  from  both  an  economic  and  operating  stand- 
pdnt  to  adhere  to  one  sixe  of  coal  for  as  long  time  periods  as  possible. 
It  is  impossible  to  maintain  good  economy  idien  the  run  of  coal  for 
the  boOers  changes  continually  fnun  the  smaller  to  the  larger  sue 
and  back  again,  for  an  entirely  different  method  of  manipulation  is 
necessary.  On  the  other  hand,  if  the  fuel  is  a  weQ-mixed  one,  say, 
one  as  follows:  15  per  cent  of  No.  1,  20  per  cent  of  No.  2,  40  per 
o^it  of  No.  3  and  25  per  cent  of  No.  4,  and  remains  as  such,  it  can 
be  handled  well  and  in  fact  is  easier  to  handle  than  the  No.  3  for 
poor  firemen. 

The  reason  for  the  mixture  of  bituminous  coal  with  the  an- 
thracite is  twofold:  (a)  to  act  as  a  binder  and  (b)  to  increase  the 
calorific  value.  With  the  large  size.  No.  1  buckwheat,  our  practice 
is  to  add  no  soft  coal.  Here  we  find  that  the  soft  coal  is  a  detriment, 
forms  clinker  with  the  impurities  and  makes  the  firing  more  difficult. 

With  the  small  sizes  the  primary  fimction  with  the  good  coals 
—  11,500  B.t.u.  to  12,000  B.t.u.  —  is  to  act  as  a  binder  to  hold  the 
fire  on  the  grates,  and  with  the  poor  .coals  to  increase  the  calorific 
value  as  well. 

The  amount  necessarj^  to  bind  the  fuel  varies  from  5  to  10  per 
cent,  say  7.5  per  cent  as  a  mean;  this  again  will  depend,  however, 
on  the  quantity  of  the  No.  4  size.  The  smaller  the  coal  particles 
the  greater  the  amount  of  bituminous  required,  until  with  the  straight 
No.  4,  say  80  per  cent,  from  15  to  20  per  cent  should  be  used. 

Another  use  for  the  bituminous  coal  is  the  "building  of  bottoms" 
in  the  fire  and  the  repairing  of  holes.  This  is  especially  true  with 
the  untrained  firemen,  and  our  practice  is  to  have  a  small  bunker  of 
bituminous  on  the  fireroom  level  where  the  men  can  get  a  few  scoop- 
fuls  from  time  to  time  for  this  purpose. 

MIXING   BITL'MINOUS   WITH    SHALL  ANTHRACITE   SIZES 

It  is  of  the  utmost  importance  to  have  the  bituminous  well 
mixed  with  the  anthracite,  for  the  better  the  mixture  the  less  re- 
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quired  and  the  better  the  economy.  In  small  plants  where  the  coal 
is  brought  to  the  fires  in  barrows  it  should  be  turned  in  on  the  floor 
similar  to  mixing  concrete. 

Our  practice  at  the  present  is  crude  and  consequently  does  not 
give  the  best  results.  The  coal  is  delivered  in  hopper-bottom  care 
and  a  predetermined  number  of  buckets  of  bituminous  is  added  from 
a  storage  pile  to  the  top  of  the  car  by  means  of  a  locomotive  crane. 
The  coal  is  then  dumped  on  conveying  belts  delivering  the  mixture  to 
a  crusher  and  thence  to  the  overhead  bunkers.  In  the  simmier  this 
method  works  fairly  well,  but  in  the  winter,  with  the  coal  frozen, 
the  soft  coal  may  be  deUvered  to  the  bunkers  some  30  or  40  min. 
before  the  coal  in  the  car  is  all  unloaded,  because  the  pockets  thaw 
first  and  the  soft  coal  goes  through  a  long  while  before  the  ends  of  the 
car  thaw  enough  to  flow.  This  results  in  uneven  distribution  to 
the  boilers,  some  chutes  having  far  too  much  soft  and  othere  not 
enough.  Here  again  the  emergency  bunkers  on  the  fireroom  level 
come  into  play. 

An  element  that  enters  into  hand  firing  of  small  anthracite 
sizes  is  the  vast  formation  of  soot  or  flue  ashes.  It  is  necessary  to 
carrj'  considerable  draft  and  the  result  is  that  some  of  the  com- 
bustion is  similar  to  that  of  powdered  fuel;  it  never  reaches  the 
grates  after  lea\nng  the  fireman's  shovel,  it  either  ignites  and  bums  in 
the  air  or  is  brought  over  to  the  rear  connections  in  the  form  of  ooke. 
The  greater  the  rating,  the  larger  the  soot  deposits  due  to  the  greater 
draft  necessary;  but  even  working  the  boilers  at  light  loads,  a  very 
large  amount  is  formed.  Our  boilers  were  designed  with  this  in 
view  and  have  a  large  space  in  back  of  the  bridge  wall  to  allow  this 
soot  to  accumulate,  and  soot  pipes  extending  down  into  the  ash  cellar 
to  allow  it  to  run  directly  into  the  ash  cars;  our  economizere  are  also 
equipped  with  soot  pipes  for  this  purpose.  With  the  No.  4  coal  and 
insufiicient  soft  coal  in  the  mixture,  we  will  build  up  soot  four  or 
five  tul)es  high  between  cleanings  of  soot  hoppers,  or  in  six  houre. 

To  give  an  idea  of  the  magnitude  of  this,  we  have  had  months 
when  the  weight  of  the  soot  removed  was  10  per  cent  of  the  wdght 
of  the  coal  fired;  this  is  exceptional,  and  it  should  be  from  6  to  7 
per  cent.  It  may  l)e  of  interest  to  note  that  at  times  an  analysis  of 
the  soot  shows  a  slightly  higher  calorific  value  than  the  coal  it  was 
made  from,  due  to  the  fact  that  the  soot  is  principally  coked  coal 
without  impurities.  We  have  attempteii  to  bum  this  but  with  no 
success.  However,  if  a  small  briquetting  plant  with  a  cheap  binder 
were  available,  it  could  be  done  successfully.    The  soot  formed  by 
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the  stoker  is  naturally  but  a  small  percentage  of  thatih  the  hand- 
fired  boiler. 

The  gates  are  of  the  inclined  dumping  lype,  with  an  area  of  190 
sq.  ft.  per  boiler  of  900  hp.  The  air  spaces  are  20  per  cent  with  one 
and  9  per  cent  mth  the  other. 

BEST  THICKNESS  OF  FIBS 

Our  practice  is  to  carry  as  thin  a  fire  as  possible  without  danger 
of  blowing  throu^  and  forming  holes.  The  thickness  of  fire  hinges 
on  the  formation  of  a  good  bottom  after  cleaning,  say  about  3  to  5  in. 
thick,  and  ^en  building  up  as  slowly  as  possible.  We  dean  before 
the  service  hour  and  start  cleaning  again  as  soon  as  the  peak  is  over, 
8(»ne  two  hours  —  if  the  fires  will  stand  that  long.  The  thi^lrpApp  of 
the  fires  at  tiie  time  of  cleaning  is  problematic,  depending  on  the 
load  carried  and  the  coal;  we  have  had  them  from  20  to  24  in.  or 
even  heavier,  but  16  to  18  in.  will  be  nearly  an  average. 

The  amount  of  draft  available  is  of  the  utmost  importance  as  it 
is  impossible  to  use  the  small  sixes  without  a  hi^  aebpit  pressure. 
At  our  Terminal  Building  in  New  York  we  can  cany  the  normal 
load,  somewhat  below  boiler  rating,  with  natural  draft,  but  here, 
on  account  of  the  great  height  of  the  stack,  about  320  ft.  above  the 
top  of  the  grate,  we  have  an  unusual  condition:  when  the  boilers 
are  brought  to  rating  the  natural  draft  has  to  be  augmented  by 
blowers.  At  the  Jersey  City  Power  Station  we  use  from  2^  to  3  in. 
water  gage  between  loads  and  from  4  to  7  in.  during  the  peaks, 
depending  upon  load  and  condition  of  fire. 

The  rate  of  combustion  varies  with  the  load  and  coal.  During 
our  peak  hours,  with  poor  coal  we  bum  from  40  to  60  lb.  per  sq.  ft. 
of  grate  per  hr.,  while  for  the  whole  24  hr.  the  rate  will  be  from  20 
to  25  lb. 

We  have  but  one  stoker  installed  at  the  present,  a  Coxe  (chain 
grate),  but  we  are  now  equipping  all  of  our  hand-fired  boilers  with 
this  type  of  stoker. 

HANDLING   CULM   FROZEN   IN   CARS 

An  important  consideration  in  the  use  of  culm  for  fuel  is  the 
thawing  of  coal  during  the  winter  months  if  the  coal  is  delivered 
to  the  plant  in  cars.  On  account  of  its  compactness  the  moisture 
freezes  to  a  hardness  equal  to  that  of  lean  cinder  concrete  and  a  "  bull- 
point  "  chisel  is  necessary  to  cut  it.  If  a  thawing  house  is  not  avail- 
able, special  provisions  will  have  to  be  made.  Our  practice  is  to 
use  from  8  to  12  thawing  pipes  per  car — IJ-in.  extra  heavj'  pipe 
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fitted  with  cap  and  tee  at  upper  end,  a  drive  point  at  the  lower  end 
and  the  lower  portion  of  the  pipe  above  the  drive  point  perforated 
with  a  large  number  of  small  holes.  The  pipes  are  entered  in  the 
top  of  the  pile  in  the  car  and  after  the  thawing  begins  are  driven 
down  from  time  to  time  with  a  wooden  maul.  The  pipes  connected 
in  series  are  fed  with  140-lb.  superheated  steam.  It  requires  from 
two  to  six  hours  for  this  and  then  the  car  is  brought  over  the  unloading 
hopper.  The  car  hopper  will  be  iced  so  badly  that  it  also  will  have 
to  be  thawed,  especially  the  operating  mechanism.  To  do  this  we 
use  portable  nozzles  made  up  of  three  1-in.  pipes  clamped  together 
with  a  common  steam  connection  to  a  rubber  steam  hose/ the  outlets 
of  the  pipes  being  staggered  to  make  an  equilateral  triangle  and  bent 
at  right  angles  to  the  body  of  the  pipe.  This  will  thaw  the  car-door 
mechanism  within  a  few  minutes,  so  that  the  doors  can  then  be 
opened.  The  worst  frost  will  be  found  here  on  account  of  the  drain- 
age accumulation  at  the  low  parts,  but  about  ten  minutes  with  two 
nozzles  will  start  the  coal  running  in  the  worst  car,  opening  a  hole  to 
the  top  of  the  car  and  allowing  the  coal  thawed  by  the  top  pipes  to 
run  out.  It  must  be  borne  in  mind,  however,  that  this  will  require 
a  large  amount  of  steam;  we  find  this  equivalent  to  10  tons  of  coal  per 
24-hr.  day  for  from  12  to  18  cars  unloaded.  It  is  also  necessary  to 
have  quite  a  gang  of  men  working  in  the  car;  we  use  from  4  to  8 
to  the  car  because  considerable  picking  is  necessary  where  the  coal 
adheres  to  the  metal  sides  of  the  car. 

W.  G.  DiMAN.  We  have  at  the  plant  of  the  Amoskeag  Manu- 
facturing Company  185  Manning  boilers,  of  which  169  are  running 
today;  all  boilers  are  fitted  with  Jones  underfeed  stokers.  About 
two  years  ago  we  began  to  get  small  quantities  of  anthracite  screen- 
ings and  refuse;  the  amount  has  been  increasing  until  we  are  now 
burning  hard  coal  of  No.  2,  No.  3  and  bird's-eye  sizes  straight  under 
135  boilers,  and  hard  coal  mixed  with  a  small  percentage  of  soft 
coal  under  the  other  boilers. 

When  we  began  to  receive  the  hard  coal  we  experimented  with 
various  mixtures,  but  finally  used  the  fuel  straight  on  each  to  get 
comparisons  of  the  various  grades  to  assist  us  in  buying.  We  found 
that  with  the  regular  installation  of  the  Jones  stoker  the  coal  was 
pushed  over  on  to  the  dead  plates  and  lay  idle  there  with  no  chance 
for  air  to  mix  and  consume  the  coal.  When  the  buckwheat  was  hot 
it  acted  Uke  sand  and  the  tuyere  blocks  on  the  side  of  the  retorts 
had  a  tendency  to  blow  the  coal  over  to  the  side  and  pile  it  up.    In 
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OTder  to  make  an  even  fire  and  to  get  better  distribution  of  air  for 
burning,  we  put  in  pin-hole  dead  plates  with  about  270  i-in  holes, 
or  a  total  increased  air  area  of  about  14  sq.  in.  The  plates  were  not 
faced  off  but  were  rough  castings,  which  allowed  considerably  more 
air  to  get  into  the  fire.  I  think  stiU  better  results  would  be  ob- 
tained if  We  cut  off  some  of  the  air  spaces  in  the  tuyere  blocks  and 
added  air  space  in  the  dead  plates.  This  would  reduce  the  open 
spaces  in  the  bed  caused  by  the  tuyeres'  blowing  away  the  coal  and 
produce  a  more  even  fire.  Some  of  the  coal  drops  into  the  pits, 
^ch  have  to  be  cleaned  out  to  prevent  their  burning  and  forming 
explosive  gases. 

We  carry  a  light  fire,  about  6  in.  to  8  in.  thick,  which  allows  the 
air  to  get  through.  About  2  in.  water  pressure  is  carried  at  the  tuyere 
blocks  and  no  draft  in  the  uptake.  We  bum  about  600  lb.  of  coal 
p^  hour  or  about  26  lb.  of  coal  per  sq.  ft.  of  grate.  The  larger  the 
grate  and  the  easier  the  fire  is  run,  the  better  the  results. 

We  have  had  to  run  on  anthracite  coal  as  high  as  25  per  cent  in  ash. 
When  ddng  this  we  have  considerable  trouble  with  the  fires  and 
handling  the  ashes.  We  find  that  the  more  we  handle  the  fires  the 
greater  the  loss.  We  cannot  get  efficient  results  out  of  coal  con- 
taining much  more  than  20  per  cent  ash  and  if  we  should  get  coal 
containing  40  per  cent  ash  it  would  be  useless  to  us.  In  view  of 
the  transportation  problem  and  freight  rates,  the  place  to  bum  any 
coal  having  about  25  to  30  per  cent  ash  is  at  the  mines,  where  they 
can  equip  to  bum  the  specific  fuel  which  is  produced. 

RESUI/rS  OF  TESTS  OF  MIXTURES 

The  following  notes  show  what  results  we  obtained  from  our 
tests,  all  of  which  ran  12  hours.  Each  lot  received  is  tested  before 
^d  during  shipment  to  see  if  its  quality  compares  favorably  with 
other  coal  of  the  same  kind. 

An  average  of  20  tests  of  straight  soft  coal  of  different  quaUties 
gave  an  efficiency  of  76  per  cent  with  an  evaporation  from  and  at 
212  d^.  per  lb.  of  dry  coal  of  10.7  lb.  The  ash  averaged  8  per  cent. 
These  tests  were  made  without  any  perforations  in  the  dead  plates. 

One  test  of  a  mixture  made  with  two-thirds  soft  coal  and  one- 
third  buckwheat  gave  an  efficiency  of  74.7  per  cent  with  an  evapora- 
tion of  9.93  lb.  from  and  at  212  deg.  per  lb.  of  dry  coal;  and  the 
ash  averaged  11.4  per  cent.    This  gave  a  good  fire  but,  of  course, 
required  a  little  more  work  and  attention  from  the  firemen.    The 
load  could  be  easily  carried  under  these  conditions. 
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An  average  of  two  tests  of  a  mixture  made  with  one-half  bank 
coal  and  one-half  soft  coal  gave  the  following  results:  efficiency, 
58.3  per  cent;  evaporation  from  and  at  212  deg.  per  lb.  of  dry  coal, 
6.97  lb.;  ash,  19.73  per  cent.  This  coal  was  somewhat  dirtier  than 
the  average  and  required  considerable  work  from  the  firemen.  We 
burned  about  670  lb.  of  coal  per  hour  and  ran  about  93  per  cent  of 
the  boiler's  rating.  The  results  of  all  our  tests  with  culm  prove 
that  it  is  much  below  buckwheat  and  smaller  sizes  in  evaporation 
and  the  only  way  to  get  it  on  a  basis  with  buckwheat  is  to  increase 
the  soft-coal  percentage,  which  of  course  increases  the  mixture 
price.  It  would  take  three  parts  soft  to  two  parts  culm  to  equal  two 
parts  buckwheat  and  one  soft. 

An  average  of  two  tests  made  with  a  mixture  of  two-thirds  buck- 
wheat and  one-third  soft  coal  gave  an  efficiency  of  66.2  per  cent 
with  an  evaporation  of  7.96  lb.  of  water  from  and  at  212  deg.  per  lb. 
of  dry  coal;  ash,  14.83  per  cent.  These  two  tests  were  made  on  a 
httle  better  grade  of  bank  coal.  We  binned  676  lb.  of  coal  per  hour, 
and  obtained  95.1  per  cent  of  the  builder's  rating.  The  boilers  are 
of  150  hp.  each.  We  used  a  draft  in  the  tuyere  blocks  of  1.69  in. 
and  0.07  in.  in  the  uptake.  When  burning  this  mixture  the  fire 
burns  well  but  needs  close  attention.    A  Ught  fire  must  be  carried. 

An  average  of  eleven  tests  of  anthracite  refuse,  which  includes 
bank  coal  and  culm  (no  soft  coal  used),  gave  the  foUowinJ^  results: 
efficiency  55.7  per  cent;  evaporation  from  and  at  212  deg.  per  lb.  of 
dry  coal,  6.75  lb.;  ash  averaged  17.8  per  cent.  We  consumed  628  lb. 
of  coal  per  hour,  obtained  an  average  of  78.4  per  cent  of  the  builder's 
rating  and  used  1.86  in.  of  water  pressure  at  the  tuyeres.  This  was 
an  experimental  mixture  made  to  see  what  it  would  do. 

An  average  of  seven  tests  with  prepared  anthracite  screenings  of 
No.  2  and  No.  3  buckwheat  and  bird's-eye  without  any  soft  coal  gave 
the  following  results:  efficiency  59  per  cent;  evaporation  from  and  at 
212  deg.  per  lb.  of  dry  coal,  7.47  lb. ;  ash  averaged  14.5  per  cent.  We 
consumed  742  lb.  of  coal  per  hour,  obtained  96.7  per  cent  of  the  build- 
er's rating  and  used  1.73  in.  of  water  pressure  at  the  tuyere  blocks. 

We  made  one  test  using  one-half  culm  and  one-half  buckwheat, 
which  gave  an  efficiency  of  53.2  per  cent  and  obtained  an  evapora- 
tion of  6.13  lb.  from  and  at  212  deg.  per  lb.  of  dry  coal.  The  ash 
averaged  21^  per  cent.  We  consumed  680  lb.  of  coal  per  hour  and 
obtained  72  per  cent  of  the  builder's  rating.  To  do  this  we  used 
1.87  in.  dnift  at  the  tuyeres.  The  culm,  of  course,  has  a  tendency 
to  pull  the  buckwheat  down. 
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In  order  to  bum  anthracite  screenings  and  refuse  successfully 
under  our  conditions,  a  Coxe  stoker  specially  built  for  this  grade  of 
coal  should  be  used,  or  a  small  amount  of  soft  coal  must  be  mixed  in. 
This  mixture  must  be  maintained  at  all  times  and  the  better  the 
mixture  the  tetter  the  results  of  combustion,  for  the  -successful 
burning  depends  entirely  on  the  mixture. 

Some  of  the  buckwheat  clinkers  and  some  of  it  will  break  up  into 
smaller  pieces,  mixing  with  the  fire,  which  makes  it  hard  to  clean. 
The  fire  should  not  be  disturbed  any  more  than  possible.  It  is  not 
good  judgment  to  use  a  slice  bar  more  than  is  necessary.  The 
fires  should  be  kept  medium  and  the  hoe  should  at  all  times  be  able 
to  touch  the  grate.  When  hot,  this  class  of  coal  resembles  sand  and 
a  hoe  can  easily  move  it  when  necessary  and  handle  the  dirt.  The 
lifter  the  fire,  the  better  are  the  results.  Unless  the  firemen  are 
watched  they  tend  to  carry  heavy  fires  with  more  draft.  With  an 
S^n.  fire  we  can  easily  bum  1000  lb.  of  coal  per  hour  using  a  2-in. 
draft  at  the  tuyeres.    The  coal  should  run  as  even  in  size  as  possible. 

We  can  bum  screenings  successfully  if  we  obtain  20  per  cent  soft 
oofd.  Et  is  more  economical  to  bum  straight  soft  coal  than  screen- 
iogis,  unless  the  equipment  is  installed  for  the  burning  of  tiiis  class  of 
coal.  Two  years  ago  last  April  we  ran  on  soft  coal  only.  We 
burned  that  month  10,352  tons  of  coal  as  against  13,689  tons  of 
practically  hard  coal  (about  20  per  cent  of  soft  coal)  this  last  April. 
Our  steam  load  this  year  was  369,512  kw-hr.  less  for  the  month  of 
April,  or  about  12  per  cent  of  the  total  steam  load. 

If  we  take  hard  coal  at  $6.25  per  ton  and  soft  at  $10  it  would 
make  the  balance  in  favor  of  soft  coal,  provided  the  load  was  the 
same  and  we  took  into  consideration  the  added  cost  for  boiler- 
house  labor  and  handling  ashes. 

We  recently  got  a  cargo  of  Dominion  coal,  which  apparently  is 
high  in  volatile.  We  burned  this  with  buckwheat  —  a  quarter  of 
Dominion  soft  coal  and  the  rest  buckwheat  —  apd  we  secured  the  best 
results  that  we  have  ever  had.  Dominion  coal  burned  straight  is 
poor  coal  because  it  clinkers  badly,  but  it  has  a  tendency  to  mix 
with  anthracite,  and  the  anthracite  holds  down  the  volatile  elements. 

WUiLiAM  P.  Frey.  There  is  only  one  kind  of  anthracite  waste 
and  that  is  material  containing  35  per  cent  or  more  of  incombustible, 
be  it  chestnut  coal  or  No.  4  buckwheat.  Since  the  development  of 
the  process  of  cleaning  No.  4  buckwheat  (through  J-in.  round  mesh 

*  Fuel  Engineer,  The  Lehigh  Coal  &  Navigation  Company,  Lansford,  Pa. 
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and  over  iis-in.  round  raesh)  and  No.  5  buckwheat  (throii^h  iVu>- 
round  mesh)  these  two  products  have  gained  a  firm  foothold  and 
have  come  to  stay. 

No.  3  buckwheat  and  No.  4  buckwheat  are  two  excellent  stoker 
fuels  if  there  is  a  proper  stoker  inatallation.    No.  5  buckwheat  is 
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too  light  for  ntokor  firing  and  nhould  l)e  briquetted  or  used  for  pul- 
vcriised  coal  purpoaefi.  To  the  users  of  soft  coal,  hand-  or  sttdter-fired 
furnaces,  1  cannot  too  Rtnmgly  recommend  mixing  No.  3  buckwheat 
or  N'o  4  buckwheat  with  their  bituminoufl  coal.  The  curves  in  Figs. 
8  and  9  clearly  indicate  the  po>«ibilitiei<  of  these  mixtures  for  Bt<dcer 
practice  although  they  pertain  only  to  hand-firing  practice.     AU  prices 
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are  based  on  the  following  scale  per  long  ton,  f  .o.b.  mines:  Buckwheat 
No.  1,  $4.10;  No.  2,  $3.30;  No.  3,  $2.15;  No.  4,  $1.25;  No.  5,  $1.00; 
uncleaned  silt,  $0.65;  Intuminous  run  of  mine,  $3.40  (per  short  ton). 

FIRING  OF  ANTHRAGITB  BUCKWHEAT 

Table  11  represents  the  attempt  to  tabulate  in  an  easily  under- 
standable form  the  practical  operating  condition  of  industrial  power 
plants  with  highly  varying  loads.  As  it  was  found  that  a  rate  of 
combustion  of  25  lb.  of  diy  coal  per  sq.  ft.  grate  surface  per  hour 
was  very  economical  for  all  sizes,  this  rate  was  adhered  to  as  closely 
as  possible  by  adjusting  the  speed  of  the  grated  and  the  air  supply. 
As  a  rough  guide  for  the  boiler  operatives  the  blowers  have  to  be  set 
to  deliver  20  cu.  ft.  of  air  per  maximum  horsepower.  The  air  con- 
trol goes  hand  in  hand  with  the  COs  recorder  readings  that  read  12 
per  cent  on  the  average  and  the  stack  temperatures,  which  are  to  be 
kept  below  500  d^.  fahr.  If  the  stack  temperatures  are  high,  the 
speed  of  the  grate  must  be  increased,  the  thickness  of  the  coal  fuel 
bed  reduced,  the  air  pressure  under  the  grate  lowered,  but  tiie  rate 
of  combustion  maintained  as  constant  as  possible.  It  is  very  im- 
portant to  understand  that  the  figures  given  in  the  column  for  grate 
travel  in  feet  per  hour  are  relative  to  25  lb.  of  coal  per  sq.  ft.,  which 
means  that  if  the  grate  nms  at  16.2  ft.  in  the  case  of  No.  3  buckwheat, 
the  bed  must  be  carried  6  in.  thick.  If  it  is  desired  to  carry  only 
4  in.  the  speed  of  the  grate  must  be  increased  6:4  =  1.5  times  to 
keep  the  same  rate  of  combustion.  It  has  to  be  understood,  too, 
that  25  lb.  per  sq.  ft.  per  hour  is  by  no  means  the  highest  possible 
rating.  The  maximum  rating  obtainable  according  to  our  experience 
is:  No.  1  buckwheat,  40  lb;  No.  2,  35  lb.;  No.  3,  30  lb.;  No.  4,  27 
lb.;  uncleaned  silt  and  No.  5  buckwheat,  25  lb.  or  less.  These 
figures  apply  to  a  Coxe  stoker  with  7  per  cent  air  space  in  the  grate. 
Good  practice  will  keep  the  air  pressures  in  the  tuyeres  as  near  as 
possible  to  1  in.  at  the  stoker  front,  graduating  down  to  0.2  in.  at 
the  refuse  end  of  the  grate. 

The  operating  equipment  includes:  automatic  feed  water  and 
damper  regulators;  recorders  of  steam  flow,  CO2,  feedwater  tempera- 
ture, steam  pressure,  and  stack  draft;  draft  gages  and  long-distance 
thermometers. 

FIRING   OF   ANTHRACITE   AND   SOFT  COAL  MIXED 

Buckwheats  Nos.  3  and  4  are  well  adapted  for  mixing  with  soft 
coal  if  they  are  clean  and  the  mixing  is  well  done.    These  two  con- 
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ditions  are  absolutely  essential  and  cannot  be  emphasized  enough. 
The  method  of  firing  need  not  be  changed,  although  there  should  be 
a  tendency  to  fire  thin  and  to  damp  off.  The  green  coal  should  be 
thrown  on  when  the  fire  is  white  hot,  after  leveling,  for  instance, 
and  then  there  will  be  a  very  pronounced  coking  effect  that  will  bake 
the  No.  4  buckwheat  to  a  coarsely  granulated  fuel  of  about  pea- 
coal  size.  The  fire  must  be  kept  loose  at  all  times  and  will  stand 
very  hard  blowing.  Almost  any  good  grade  of  grate  bar  is  suitable, 
up  to  about  f-in.  openings,  provided  enough  kindling  is  left  on  the 
grate  after  cleaning  to  cover  the  grat^.  The  most  gratifying  fea- 
ture of  the  mixture  burning  is  that  it  does  away  with  all  hard  clinkers. 


TABLE  11    OPERATING  RESULTS  OF  ANTHRAOrTB  BUCKWHEATS 
750-Hp.  MAzm  Boilbb  —  Coxi  Tbavbono  Qratb.    Atsraob  Stbaii  Fmammm,  128  Lm. 


Av«race  hp.  of  twt  (24  houra) 

BfAzimuin  hp.  of  test 

Av«race  per  cent  rating 

B.t.u.  per  lb.  of  dry  ooal 

Combined  efficiency  of  boiler,  furnace  and  grate,  per 

cent 

Equivalent  evaporation  from  and  at  212  deg.  per  lb.  of 

dry  coal,  lb 

Dry  coal  oonBumed  per  hp.  per  hr.,  lb 

Dry  coal  per  sq.  ft.  grate  surface  per  hr.,  lb 

Boiler  hp.  per  sq.  ft.  grate  surface 

Grate  travel  in  ft.  per  hr 

Cost  per  hp.  per  hour  in  cents* 


No.  1 

No.  2 

No.  3 

No.  4 

Buck- 

Buck- 

Buck- 

Buck- 

wheat 

wheat 

wheat 

wheat 

1500 

1306 

1200 

1010 

1750 

1600 

1400 

1100 

200 

186 

160 

134 

12250 

12000 

11500 

11000 

74 

70 

66 

61 

0.35 

8.77 

7.7 

6.9 

3  69 

3.93 

4.48 

6.00 

25 

SS 

35 

25 

«.8 

636 

5.6 

4.9 

16.0 

16.5 

16  2 

15.3 

0.67 

0  58 

0.43 

0  37 

1 

Ud- 


SH 


10000 

45 

4.6 
7.5 
SS 
S.3 
II  1 
•  31 


1  These  figures  correspond  to  prices  at  the  mines  and  have  to  be  adjusted  to 
freight  rates. 
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which  is  especially  welcome  in  stoker  practice,  particularly  in  under- 
feed stokers. 

The  curves  in  Fig.  9  show  the  results  obtained  in  burning 
soft  coal  mixed  with  No.  4  buckwheat  in  a  hand-fired  Newburgh 
fire-tube  boiler.  The  rate  of  combustion  (amount  of  ooal  to  be 
shoveled)  was  kept  constant.  All  coal  was  crushed  to  smaller  than 
IJ-in.  round  mesh. 

BRIQUETTING   OP  ANTHRACITE   WASTE 

Either  No.  4  buckwheat,  or  No.  5  buckwheat,  or  the  two  mixed, 
or  uncleaned  silt,  can  be  briquetted  successfully.    Antiuradte  bri- 
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quetting  has  passed  the  stage  of  experimentation.  The  bmder 
material  is  available,  and  with  the  concurrence  of  all  concerned  not 
a  pound  of  anthracite  waste  should  go  down  the  rivers  again.  That 
briquetting  is  a  commercial  success  is  proved  by  the  fact  that  it 
raised  the  price  of  No.  5  buckwheat  from  65  cents  to  $1,  leaving 
still  a  small  margin  of  profit,  and  by  the  ever-increasing  output  of 
our  liansford  experimental  plant,  which  shows  the  following  tonnage 
figures: 

Year 1915        1916        1917        1918  (to  Apt.  30) 

Tons 3,983  ^  11,194     31,034  18,500 

Conclusions:  To  the  careful  reader  it  will  be  evident  from  the 
preceding  that  it  is  not  only  desirable  to  bum  cleaned  No.  4  buck- 
wheat, but  it  is  at  the  same  time  most  economical  if  ample  grsfte 
capacity  is  provided;  and  there  will  go  hand  in  hand  with  the  pre- 
paration of  No.  4  buckwheat,  the  washing  and  concentrating  of  No.  5 
buckwheat,  which  can  be  briquetted  or  pulverized  to  a  very  valuable 
fuel,  relieving  some  of  the  domestic  sizes.  But  the  results  obtained 
show  still  more  conclusively  how  important  it  is  to  use  proper  methods 
of  firing  and  mixing,  and  the  prime  importance  of  keeping  the 
market  free  from  all  fake  products  of  unclean  No.  4  or  No.  5  buck- 
wheat, uncleaned  silt,  or  low-grade  briquets. 

G.  H.  Sharpe.  The  Derby  Gas  Co.,  Derby,  Conn.,  endeavor  to 
provide,  during  the  season  of  open  navigation  on  the  Housatonic 
River,  an  ample  reserve  stock  of  bituminous  coal  to  carry  the  elec- 
trical department  through  the  winter  and  early  spring.  The  de- 
nmnds  during  the  past  winter  exceeded  the  estimate,  owing  to  the 
emergency  power  supplied  to  Waterbury,  Conn.,  and  to  tide  over 
it  was  decided  to  accept  an  offer  of  about  11,000  tons  of  No.  2  and 
^0.  3  buckwheat,  on  which  deliveries  started  in  the  latter  part  of 
March.  The  11,000  tons  were  purchased  under  three  contracts, 
the  average  analysis  of  which  is  about  as  follows: 

Aah,  per  cent 20 .  52 

Moisture,  per  cent 8. 20 

B.t.u.  as  received 10,638 

B.t.u.  dry 11,587 

An  average  of  7000  lb.  of  buckwheat  is  loaded  from  the  storage 
pile  into  a  truck,  and  the  truck  is  then  filled  up  with  bituminous, 
giving  about  55  per  cent  of  buckwheat  per  load.  This  is  dumped  at 
the  power  station,  passing  through  a  crusher  and  conveyor,  and  into 


312  ECONOBilCAL  USB  OF  FUEL 

the  bunkers,  resulting  in  a  uniform  mixture.  From  the  overhead 
bunkers,  the  coal  is  delivered  through  a  traveUng  weigh  larry  to 
multiple-retort  underfeed  stokers  serving  two  600-hp.  Babcock  and 
Wilcox  boilers.  The  mixture  is,  as  stated,  about  55  per  cent  No.  2 
and  No.  3  buckwheat. 

The  fire  carried  is  much  thinner  than  with  bituminous,  and  with 
a  2^-  to  3-in.  draft.  The  output  of  the  boiler  is  reduced  because  of 
the  lower  heat  value  of  the  fuel. 

The  clinkers  and  ash  are  increased,  resulting  in  a  marked  increase 
in  cost  of  operation,  as  ashes  are  loaded  by  hand  to  trucks,  pending 
completion  of  the  new  boiler  room;  but  clinkers  are  more  easily 
broken,  so  that  less  coke  is  lost  in  cleaning  the  dumping  grate. 

We  are  burning  2.20  to  2.21  lb.  of  coal  per  kw-hr.  at  the  switch- 
board, with  a  maximum  output  of  6800  kw.  and  an  average  of  between 
5000  and  5500  kw.,  giving  an  overall  plant  efficiency  of  about  11.9 
per  cent. 

The  buckwheat  costs  II  less  than  the  bituminous,  but  the  in- 
creased cost  of  ash  disposal  and  lower  heat  value  do  not  warrant 
additional  purchases.  The  stokers  handle  the  55  per  cent  mixture 
readily,  and  I  have  no  doubt  that  we  could  have  made  an  equal 
showing,  based  on  heat  values,  with  75  per  cent  or  even  85  per  cent 
of  buckwheat. 

R.  Sanford  Riley.  We  in  the  stoker  business  who  are  primarily 
interested  in  the  burning  of  bituminous  coal  are  frequently  asked  as 
to  the  amount  of  anthracite  coal  that  may  be  mixed  with  bituminous. 
To  answer  this  question  intelligently  we  should  know  the  charac- 
teristics of  both  the  bituminous  coal  and  of  the  anthracite  ooal  that 
the  questioner  has  in  mind.  The  proportions  mentioned  by  the 
previous  speakers  are  very  good;  we  find  that  up  to  50  per  cent  of 
anthracite  may  be  used. 

Nearly  all  stoker  manufacturers  are  advocating  the  necessity  for 
large  stokers.  We  think  that  the  stoker  is  really  the  limiting  factor. 
The  maximum  of  stoker  capacity  should  be  put  under  the  bmler. 
The  reason  for  this  is  that  the  boiler  investment  cost  per  horsepower 
is  very  much  greater  than  that  of  the  stoker.  I  would  like  to  empha- 
size that  the  mixture  of  anthracite  and  bituminous  must  be  thorough; 
one  cannot  burn  first  a  patch  of  anthracite  and  then  a  patch  of 
bituminous. 

P.  B.  Wesson.  We  have  a  small  Manning  boiler  plant  whiph 
we  fire  one-half  anthracite  and  one-half  bituminous;   and  we  mix 
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the  coal  by  taking  the  small  induBtrial  dump  cars  and  filling  them 
half  full  of  anthracite,  and  then  at  the  other  end  of  the  trestle  filling 
them  with  bituminous.  The  cars  are  then  dumped  on  the  boiler- 
room  floor. 

A.  G.  Chbistds.  Last  winter  we  purchased  a  considerable  quan- 
tity of  anthracite  "yard  sweepings''  from  domestic  coal  dealers  for 
use  in  Taylor  stokers  under  Babcock  and  Wilcox  boilers  in  our 
University  plant.  This  coal  contained  16  to  20  per  cent  ash  and 
averaged  about  11,000  B.t.u.  In  general  these  screenings  came 
from  coal  mined  before  the  shortage  occurred.  It  could  be  burned 
with  perfect  satisfaction  in  the  stokers  even  at  overloads  when 
mixed  as  high  as  three  parts  of  anthracite  to  two  parts  of  SometBet 
semi-bituminous  coal. 

Later  several  cars  of  washed  culm  were  purchased  with  from  25 
to  40  per  cent  ash  running  10,000  to  7000  B.t.u.  per  lb.  The  ash 
had  a  low  fusing  point  and  formed  immense  hard  clinkers  in  the 
furnace  when  mixed  and  burned  with  semi-bituminous  coal.  It 
could  only  be  burned  with  an  equal  portion  of  the  Somerset  coal 
when  the  demand  for  steam  was  ^mall .  In  the  furnace  the  fuel  had  a 
dull  appearance  and  the  finer  particles  tended  to  blow  over  on  to 
the  dump  plates.  It  cascaded  badly  on  dumping  and  during  the 
removal  of  clinker.  On  the  whole  we  found  the  culm  an  uneco- 
nomical investment,  although  the  yard  sweepings  proved  economical 
when  purchased  at  a  reasonable  price. 

Cabl  Smerling.  Anthracite  wastes  such  as  culm  and  smaller 
sizes  of  buckwheat  can  be  successfully  consumed  and  burned,  using 
a  mixture  of  one-third  anthracite  and  two-thirds  bituminous  coal, 
providing  the  bituminous  is  of  a  good  coking  quality  and  the  fire  can 
be  carried  16  to  20  in.  deep  with  natural  draft  of  0.7  in.  at  the  stack 
breeching,  and  maintain  a  rating  of  from  125  to  150  per  cent.  Under 
these  conditions  the  stoker  can  be  operated  the  same  as  when  burning 
the  straight  bituminous  coal  fire.  It  is  absolutely  necessary  to  have 
sufficient  bituminous  coal  to  raise  the  temperature  of  the  fire  high 
enough  to  get  all  the  value  out  of  the  anthracite  coal. 

5    What  Instruments  Are  Useful  and  Desirable  in  the  Boiler  Room 
as  Aids  in  Saving  Coalf 

E.  G.  Bailet.  The  answer  to  this  question  is:  Meters  that 
will  actually  assist  the  fireman  to  carry  the  load  required  of  his  boilers 
and  at  the  same  time  obtain  the  maximum  efficiency.    The  old  idea 
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of. having  meters  and  recorders  to  "show  him  up"  if  he  did  not  do 
his  work  well,  when  he  usually  did  not  know  how  to  do  it  better,  is 
wrong. 

The  word  "meter"  is  used  here  in  its  broad  sense  to  include  all 
instruments,  pressure  gages,  thermometers,  etc.,  down  to  coal  scales 
and  wheelbarrows  when  they  are  used  to  obtain  results  and  knowl- 
edge of  the  operating  and  efficiency  conditions. 

(:;ONTROLLABLE  LOSSES   IN   BOILER  OPERATION 

In  selecting  meters,  the  principal  object  is  to  obtain  knowledge 
of  the  boiler  capacity  and  efficiency  and  also  the  individual  losses, 
especially  those  which  are  controllable.  To  accurately  know  the 
losses  is  of  much  more  importance  than  to  merely  know  the  effi- 
ciency, for  efficiency  can  only  be  increased  by  reducing  losses,  and 
if  one  knows  that  the  losses  have  been  reduced,  he  is  positive  that 
the  efficiency  has  been  increased.  The  principal  controllable  losses 
in  boiler  operation  are:  (1)  combustible  in  ashes  and  refuse,  (2) 
excess  air,  (3)  unbumed  gas,  and  (4)  high  temperature  of  flue  gases. 
There  are  also  other  factors  from  an  operating  standpoint  that  are 
of  importance,  such  as  the  steaim  pressure,  superheat,  rate  of  steam 
output  from  each  boiler,  evaporation  per  pound  of  coal,  etc. 

RESULTS  SHOULD   BE   KNOWN  PROMPTLY 

The  really  valuable  results  from  complete  boiler  tests,  such  as 
those  made  by  Dr.  D.  S.  Jacobus  at  Detroit  some  years  ago,  are  not 
obtained  until  the  many  calculations  involving  averages  and  totals 
are  made  and  the  relations  between  the  various  factors  are  deter- 
mined. In  other  words,  the  total  evaporation  or  even  the  rate  of 
evaporation  gives  no  information  whatever  as  to  efficiency  until  we 
know  how  many  B.t.u.  were  expended  in  producing  this  steam,  or 
at  least  know  how  many  B.t.u.  were  lost  in  making  it.  Time  is 
an  important  factor  in  boiler  operation  and  the  fireman  should 
know  final  results  promptly  and  continuously.  It  is  therefore 
desirable  to  have  meters  of  the  fourth  type,  which  indicate  and 
record  the  relation  between  certain  important  factors  as  well  as  the 
condition,  total  and  rate. 

One  of  the  important  relations  desired  is  that  between  rate  of 
steam  generation  and  rate  at  which  fuel  is  burned.  With  liquid  or 
gas  fuels  of  uniform  quality  this  is  possible;  but  with  coal,  about 
the  closest  approach  is  the  relation  between  a  steam-flow  meter 
and  tachometer  on  the  stoker  drive.    The  latter,  however,  is  a  crude 
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means  of  determining  the  rate  at  which  the  B.t.u.  are  supplied  to 
the  furnace,  and  this  is  the  real  factor  desired.  It  is  doubtful  if 
this  will  be  satisfactorily  attained,  in  the  near  future  at  least,  due 
to  the  varying  amount  of  coal  fed  per  revolution  of  the  stoker  shaft 
and  the  varying  quality  of  the  coal,  as  well  as  variations  in  the 
amount  of  coal  on  the  grate. 

RELATION  OF  STEAM  FLOW  AND  AIB  FLOW 

There  is  another  relation,  however,  that  is  analogous  to  the 
steam-fuel  ratio  that  is  readily  obtained  and  of  even  greater  value. 
It  is  the  relation  between  the  rate  of  steam  flow  from  ^e  boiler  and 
the  rate  of  air  flow  which  supports  combustion  for  the  generation  of 
this  steam.  Air  is  a  fuel  just  as  much  as  carbon  or  hydrogen,  and 
the  amount  of  air  required  to  develop  a  given  number  of  B.t.u.  is 
'  practically  independent  of  the  character  or  quaUty  of  coal  being 
used.  In  fact,  there  is  only  6  per  cent  difference  between  the  B.t.u. 
developed  per  pound  of  air  used  to  bum  carbon  and  natural  ^. 
This  is  much  closer  than  most  people  are  able  to  maintain  the  excess 
air  in  coal-fired  furnaces.  Natural  gas  is  mentioned  in  this  compari- 
son because  it  contains  a  higher  percentage  of  available  hydrogen 
than  any  other  commercial  fuel. 

There  is  ample  evidence  available  to  show  that  the  relation  be- 
tween the  steam  flow  and  air  flow  is  of  value  in  assisting  the  flreman 
to  maintain  the  most  economical  fuel  bed  and  prevent  undue  losses 
in  either  excess  air  or  unbumed  gases.  This  relation  is  also  of  great 
^stance  to  the  fireman  in  obtaining  maximum  capacity  from  his 
boilers,  for  he  quickly  learns  that  it  is  impossible  to  make  steam 
without  the  proper  supply  of  air  and  if  the  maximum  air  supply  is 
^uivalent  to  only  200  per  cent  boiler  rating,  then  200  per  cent 
boiler  rating  is  all  he  can  get,  unless  he  is  willing  to  sacrifice  eflBciency 
and  produce  high  percentages  of  unbumed  gases.  Such  a  loss  is 
plainly  shown  by  this  relation  as  a  deficiency  of  air. 

Another  important  relation  in  boiler  operation  is  that  existing 
between  flue-gas  temperature  and  rate  of  steam  output.  We  have 
only  to  refer  to  data  plotted  by  Mr.  Azbe  ^  to  see  that  there  is  a 
wide  difference  between  results  obtained  from  various  boilers  in 
different  plants.  While  this  relation  depends  upon  the  position  of 
baffling  and  other  features  of  design,  it  is  perfectly  deflnite  for  any 
one  design,  and  a  certain  flue-gas  temperature  should  exist  for  each 

.1  Power  Plant  Efficiency,  Victor  J.  Azbe,  Trans.  A.S.M.E.,  vol.  38,  1916 
p.  722. 


316  ECONOMICAL  USE  OF  FUEL 

rate  of  steam  output.  Any  deviation  from  this  indicates  dirty  heat- 
ing surface  or  leaky  baffles,  providing  the  proper  relation  exists 
between  the  rate  of  steam  flow  and  air  flow.  Either  a  decrease  or 
increase  in  excess  air  from  the  most  economical  amount  will  result 
in  an  increase  in  flue-gas  temperature,  except  that  a  large  percentage 
of  excess  air  will  reduce  the  temperature. 

In  boiler-plant  operation  there  are  several  other  factors  which 
should  be  combined  to  show  continuously  the  relations  existing 
between  them  for  the  benefit  of  the  fireman  or  operating  engineer, 
whereby  they  can  get  at  the  true  conditions  and  their  causes  with 
little  mental  effort  and  delay.  A  meter  which  shows  a  relation  is  in 
reality  an  automatic  calculating  machine  which  takes  two  or  more 
factors  and  produces  a  tangible  result  which  would  otherwise  require 
the  reading  of  two  or  more  instruments  and  reference  to  charts  or 
tables. 

The  question  often  arises  in  selecting  meters  as  to  whether  they 
should  be  indicating  or  recording.  Some  of  the  best  power-plant 
engineers  were  strongly  in  favor  of  indicating  meters  for  boiler- 
plant  work  a  few  years  ago,  but  have  now  changed  to  be  the  strongest 
advocates  for  recorders.  Practically  the  only  argiunent  that  can 
be  advanced  in  favor  of  indicating  meters  is  lower  initial  cost  and 
the  lower  cost  of  operation  by  elimination  of  charts. 

ADVANTAGES   OF   RECORDING  METERS 

Some  of  the  many  advantages  of  recording  meters  are:  Perma- 
nent records  to  show  conditions  existing  throughout  the  twenty- 
four  hours;  averages,  totals  and  operating  characteristics  may  be 
checked  at  any  sub^quent  time;  and  of  even  more  importance  is 
the  fact  that  it  helps  the  fireman  to  see,  not  only  the  conditions  at 
that  instant,  but  also  what  the  conditions  have  been  immediately 
previous,  and  thereby  ascertain  whether  they  are  changing,  and  if 
80,  in  which  direction.  This  alone  is  of  sufficient  value  to  warrant 
the  use  of  recording  meters  in  practically  every  instance,  providing 
they  are  located  in  the  position  where  the  man  in  charge  of  operation 
can  readily  see  the  chart  record  in  detail.  A  water  tender  will  do 
much  better  work  when  he  has  a  recording  feedwater  meter  within 
sight  than  if  the  recorder  were  located  in  the  engine  room. 

The  firemen  and  operating  men  must  have  meters  which  serve 
as  eyes  whereby  they  can  see  through  steam  pipes  and  brick  walls, 
80  to  speak,  and  actually  know  what  is  taking  place.  The  meters 
that  will  give  them  true  pictures  in  the  most  realistic  and  concrete 
form  are  the  most  useful  in  saving  coal. 
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c  Afford  an  opportunity  to  use  one  instrument  for  diverse 
units 

d  Eliminate  unnecessary  fatigue  of  observing  scattered  in- 
struments 

e  Assure  ease  and  simplicity  for  testing. 

These  requirements  are  combined  in  the  type  of  instrument 
board  devised  by  the  author,  representative  examples  of  installations 
being  shown  in  Figs.  10  to  12. 

The  complete  cost  of  these  installations,  including  labor  and 
material,  averaged  $2000,  and  the  returns  secured  on  this  investment 
are  usuidly  equal  to  or  better  than  told  in  the  following  report  from 
a  plant  using  from  150  to  250  tons  of  coal  per  week: 

^'.  .  .  It  is  evident  that  in  the  four  months  preceding  the  in- 
stallation of  the  boiler  control  board,  the  savings  on  fuel,  due  to 
various  steps  taken,  averaged  $435  per  month,  while  in  the  four 
months  following  the  installation  of  the  instruments  the  savings 
computed  on  the  same  basis  averaged  $1145.  In  other  words,  the 
increased  savings,  due  solely  to  the  trUeUigerU  use  of  instruments  on 
the  boiler-control  board,  was  $710  per  month,  or  $8620  on  the  annual 
basis,  which  means  that  the  expenditure  of  $2060.46  for  instruments 
of  the  said  board  is  an  investment  which,  in  oyr  case,  yields  over 
•iOO  per  cent  return." 

The  fallacy  of  economizing  on  instrument  equipment  or  ignorant 
attempts  to  select  "the  most  important"  ones  has  only  one  rival  in 
absurdity  —  the  tendency  to  install  instruments  without  giving 
the  employees  the  opportunity  to  use  them  to  advantage.  Obvi-. 
ously,  the  operating  men  have  no  time,  no  facilities  for  research  work, 
and  little  inducement  to  carr>^  out  investigations,  standardize 
methods  and  set  tasks.  It  should  be  the  duty  of  the  management 
to  give  them  the  necessary  training  and  to  assume  responsibility  for 
results. 

A.  R.  Dodge.  Pressure  gages  and  water-gage  glasses  are  abso- 
lutely necessary  to  the  operation  of  steam  boilers.  Next  in  im- 
portance is  a  steam-flow  meter  for  the  purpose  of  showing  the 
amount  of  steam  being  delivered  by  each  individual  boiler. 

Steam-flow  meters  in  service  have  shown  that  in  nearly  every 
case  a  battery  of  boilers  as  a  whole  may  be  generating  the  required 
amount  of  steam,  but  the  several  boilers  making  up  the  battery  fall 
far  short  of  assuming  equal  subdivisions  of  the  total. 

Steam-flow  meters  installed  on  each  boiler  show  at  once  a  boiler 


320  ECONOMICAL  USE  OP  FUEL 

which  is  ''loafing,"  or  one  being  forced  too  hard,  conditions  which 
cannot  readily  be  detected  in  any  other  way.  With  this  knowledge 
the  necessary  changes  can  be  made  in  drafts,  fires,  etc.,  to  equalise 
the  steam  output  of  the  boilers.  With  the  outputs  equalized  the 
danger  of  priming  and  burning  out  tubes  and  brickwork,  due  to 
excessive  overload,  is  minimized. 

Results  obtained  in  many  plants  prove  conclusively  that  the 
flow  meters  are  a  great  aid  to  the  firemen  themselves  in  showing  the 
results  of  their  work.  As  soon  as  they  learn  that  the  flow  meters 
show  them  the  effect  of  changing  the  draft,  fires,  rate  of  feeding 
water,  etc.,  they  will  be  found  using  them  as  a  working  guide. 

Holes  and  dead  spots  develop  in  fires,  reducing  the  efficiency  of 
combustion  by  allowing  an  excess  of  air.  Should  this  occur,  the 
steam  output  instantly  drops,  and  with  a  flow  meter  installed  on 
each  boiler  the  fireman  is  warned  that  something  is  wrong. 

Flow  meters  have  been  the  means  of  indicating  many  other 
conditions  which  seriously  affect  the  economy,  such  as  leaky  settings 
admitting  quantities  of  air,  burned-out  baffles  permitting  a  short- 
circuit  of  the  gases,  incorrect  adjustment  of  fec^water  regulators, 
or  poor  hand  regulation,  etc. 

The  use  of  draft  gages,  COs  recorders  and  a  thermometer  to  show 
the  superheat  of  the  steam,  in  conjunction  with  a  flow  meter,  enables 
the  power-plant  operator  to  keep  a  complete  check  on  the  perform- 
ance of  the  boilers  and  furnaces,  and  to  quickly  eliminate  faulty 
conditions  as  they  occur  and  thereby  to  keep  up  the  efficiency  of 
the  plant. 

E.  A.  Uehling.  The  continuous  COf  record  shows  up  the  proc- 
ess of  combustion  for  every  minute  of  the  day.  The  indicator  at 
or  near  the  boiler  front  keeps  the  fireman  continuously  informed  of 
what  he  is  doing.  It  shows  him  in  a  few  minutes  the  effect  of  any 
change  in  the  rate  of  fuel  and  air  supply  that  may  be  necessary  to 
keep  the  steam  pressure  level. 

WHAT  THE  OOi  SHOWS 

In  hand-fired  boilers  the  continuous  record  not  only  shows 
whether  the  proper  per  cent  of  COs  has  been  maintained,  but  also 
how  often  the  fire  was  replenished,  how  long  the  fire  doors  were 
kept  open,  when  the  fires  were  cleaned,  how  long  it  took  to  clean 
them,  and  the  improvement  in  the  fire  resulting  from  it.  With  an 
occasional  check  analysis  by  an  Orsat  the  continuous  CO^  record 
becomes  an  unchallengeable  exposition  of  combustion  efficiency. 


BOILER-BOOM  INSTEUlfENTS  321 

Combustion  efficiency  is  the  foundation  of  boiler  efficiencYy  but 
it   does  not  necessarily  follow  that  maximum  combustion  efficiency 
will  always  result  in  maximum  boiler  efficiency.    There  is  another 
farctor  of  nearly,  if  not  quite  equal  importance,  vix.,  absorption  effi- 
ciency.   Absorption  efficiency  depends,  first,  on  combustion  effi- 
dency;  second,  on  the  relation  of  heating  surface  to  the  rate  of  com- 
bustion; third,  the  routing  of  the  gases  through  the  boiler;  fourth, 
thje  cleanliness  of  the  heating  surface  inside  and  out,  and  fifth,  air 
infiltration.    The  COs  meter  should,  therefore,  be  supplemented  by 
at   least  two  other  instruments,  vis.,  the  pyrometer  and  the  boiler 
draft  gage>  preferably  the  draft  analyzer,  which  shows  both  the 
furxiace  draft  (resistance  through  the  fire)  and  the  boiler  draft 
(resistance  through  the  boiler).    The  pyrometer  does  not  by  itself 
give  reliable  information,  but  if  its  readings  are  codrdinated  with 
those  of  the  COs  meter  and  the  boiler  draft  gage,  a  con4)lete  and 
reliable  control  over  absorption  efficiency  is  had.    The  boiler  draft 
gase  gives  inmiediate  notice  of  broken-down  baffling,  and  in  combina- 
tion with  the  per  cent  of  COi  its  readings  furnish  an  approximate  index 
to  the  rate  of  combustion. 

It  would  be  useful  to  have,  in  addition  to  the  foregoing,  a  steam-flow 
meter  on  each  boUer,  since  they  would  furnish  a  quantitative  check 
on  every  boiler  and  fireman  in  addition  to  the  chemical  and  physical 
qualitative  control  which  I  have  mentioned  as  necessary  and  ade- 
quate to  attain  and  maintain  maximum  boiler  efficiency  dependent 
only  on  plant,  fuel  and  operating  conditions.  The  installation  of  a 
steam-flow  meter  is  therefore  to  be  highly  recommended. 

Wholesale  control  by  means  of  water  meter  and  coal  weigher  is 
most  valuable  to  the  manager  in  many  ways  in  addition  to  those 
already  mentioned,  and  any  plant  the  size  of  which  warrants  the 
expense  should  install  them. 

R.  P.  Brown.    The  temperature  in  the  furnace  and  the  dis- 
tribution of  this  heat  throughout  the  boiler  must  be  learned  and 
studied  carefully.    The  temperatures  in  the  flrebox  are  approxi- 
mately 2500  or  2750  deg.  fahr.,  which  is  txx)  high  for  a  permanent 
iDBtallation  of  a  pyrometer.    In  the  last  pass  the  temperatures 
average  about  1000  deg.  fahr.  and  in  the  uptake  about  400  or  600 
deg.  fahr.    At  these  lower  temperatures  base-metal  couples  may  be 
installed  without  danger  of  rapid  deterioration.    The  temperatures 
in  the  last  pass  and  uptake  have  been  found  to  be  comparative  to 
those  in  the  firebox;   so  that  a  working  temperature  is  secured  to 
which  the  fireman  can  conform. 
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If  actual  practice  shows  that  500  deg.  in  the  uptake  or  a  corre- 
sponding temperature  of  1000  deg.  in  the  last  pass  of  a  boiler  results 
in  securing  the  maximum  efficiency,  then  the  fireman  should  use 
this  temperature  as  a  guide.  The  sUghtest  irregularity  in  firing  or 
change  in  furnace  conditions  are  readily  noted  before  the  correspond- 
ing change  in  pressure  may  occur.  If  the  flues  are  dirty  and  sooty 
the  heat  cannot  be  absorbed  and  instead  pass  up  the  stack,  and  a 
correspondingly  high  stack  temperature  is  secured.  If  the  baflle 
walls  become  cracked  or  broken  down  the  heat  will  not  circulate 
properly,  and  again  high  stack  temperatures. 

In  addition  to  the  usefulness  of  temp>erature-  and  pressure-re- 
cording instruments,  there  has  recently  been  evidenced  an  increased 
interest  in  electric  tachometers  for  registering  the  speed  of  the 
shafts  on  automatic  stokers.  The  rate  of  firing  naturally  bears  a 
close  relationship  to  the  amount  of  coal  used.  A  small  generator 
is  attached  to  the  end  of  the  stoker  shaft  by  means  of  gear  or  sprocket 
and  chain  drive.  It  is  so  geared  that  about  15  to  25  volts  are  gen- 
erated at  a  speed  of  approximately  1000  r.p.m.  of  the  generator. 
This  current  produced  by  the  generator  is  conducted  to  the  instru- 
ment by  means  of  wiring.  As  this  can  readily  be  strung  for  long 
distances,  the  instruments  may  be  located  wherever  most  desiraUe. 

C.  W.  Hubbard.^  The  evaporation  figure  might  strictly  be 
classed  as  a  ''half  truth."  When  this  figure  has  been  arrived  at, 
without  supplementary  data,  one  man's  gue&s  is  as  good  as  another's 
as  to  whether  the  results  obtained  are  all  they  should  be. 

The  most  useful  instruments  in  the  boiler  room  are  draft  gages, 
an  Orsat  apparatus,  a  COs  recorder,  and  recording  thermometers  for 
the  feedwater  Une  and  the  flue-gas  temperatures.  In  addition  to 
this,  systematic  tests  of  coal  and  ashpit  refuse  are  necessary,  for  it 
is  obviously  unfair  to  expect  the  plant  to  operate  at  a  given  standard 
when  it  may  be,  and  probably  is,  the  case,  under  present  conditions, 
that  the  fireman  is  being  furnished  with  greatly  inferior  coal. 

It  has  been  a  common  experience  of  the  writer  to  be  able  by  thus 
studying  the  preventable  losses  in  the  plant,  to  make  a  saving  of 
from  10  to  20  per  cent  within  a  period  of  a  month,  and  when  I  say 
10  to  20  per  cent  I  do  not  mean  a  *'  paper  "  saving  but  I  mean  actual 
tons  of  coal  wheeled  into  the  boiler  room. 

R.  H.  Kuss.  The  question  requires  two  sets  of  answers,  because 
for  the  fuel  engineer  the  entire  range  of  instrument  equipment  may 

*  Fuel^Engineermg  Co.,  New  York  City. 
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be  made  useful,  whereas  for  the  operating  engineer  of  the  usual  grade 
a  very  liniited  number  of  instruments  are  of  any  special  service. 

Instruments  an  engineer  can  use  to  advantage  are  those  which 
he  can  imderstand;  those  that  prove  useful  are  such  as  require 
little  attention  to  keep  operating  and  which  reveal  maladjustment 
by  simple  test.  The  most  useful  and  simplest  instrument  for  the 
boiler  room  is  a  draft  gage,  preferably  of  the  differential  type.  A 
draft  gage  or  draft-gage  system,  if  continuously  used,  will  show  to 
the  careful  observer  — 

a  Developments  of  leaks,  uncleanliness,  baffle  failures,  etc. 
b  Poor  fuel-bed  construction. 

Less  difficult  to  interpret  but  much  less  useful  than  draft  gages 
are  thermometers  or  pyrometers.  The  difficulties  in  using  pyrom- 
eters are  those  only  of  placing  the  bulbs  or  couples  in  the  proper 
places  so  that  the  indication  may  be  a  true  one  of  the  condition 
investigated. 

Gas-analysis  instruments,  while  highly  necessary  for  more  refined 
investigations,  are  so  seldom  used  by  operators  of  plants  of  the 
middle  or  smaller  size  that  as  a  general  proposition  it  is  useless  to 
idace  them  in  the  operating  engineer's  hands.  The  writer  strongly 
endorses  the  use  of  coal-weighing  and  water-measuring  systems. 

The  great  difficulty  with  the  subject  is  that,  however  useful  the 
instrument  may  be,  the  supervising  or  engineering  forces  of  boiler 
plants  neglect  to  employ  them  to  an  extent  their  value  justifies. 
The  conclusion  is  inevitable  that  they  should  be  few  in  number  but 
of  the  recording  type  rather  than  indicating  alone.  The  reason  is 
that  a  record  aflfords  the  opportunity  of  not  only  checking  up  the 
operating  performance  while  going  on,  but  gives  the  managerial 
forces  the  opportunity  of  checking  up  the  operating  engineering 
forces. 

Walter  E.  Bryan.  When  a  number  of  boilers  are  connected 
to  the  same  stack,  it  is  particularly  advisable  to  have  each  boiler 
equipped  with  a  draft  gage  so  that  the  gas  passages  can  be  regulated 
in  the  individual  boilers  with  the  result  that  more  work  will  not  be 
required  of  some  boilers  than  others.  Steam-flow  meters  are  also 
advisable  in  stations  where  turbines  are  used  and  the  flow  is  not 
pulsating.  Readings  of  stack  temperatures,  CO2,  etc.,  should  be 
taken  at  intervals,  the  latter  with  a  view  to  calling  attention  to 
leaks  in  settings,  etc.  A  recording  COj  instrument  arranged  with 
connections  to  the  various  boilers  is  a  valuable  adjunct  to  the  fireman. 
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B.  J.  Denman.  I  believe  the  most  useful  instrument  in  the 
boiler  room  to  be  the  one  which  indicates  the  percentage  of  COs  in 
the  flue  gas.  In  larger  stations,  with  boilers  of  1000  hp.  or  more, 
an  automatic  CO2  recorder  is  justified.  In  smaller  units,  each  boiler 
should  be  equipped  with  a  gas  collector  and  the  Orsat  apparatus,  to 
determine  the  percentage  of  CO2.  Samples  should  be  analyzed  at 
least  once  during  each  watch.  We  regard  the  steam-flow  meter 
as  essential  and  as  important  an  instrument  as  an  anmieter  or  a 
wattmeter  on  a  generator,  and  even  more  important  from  an  effi- 
ciency standpoint.  It  is  important  that  efficiencies  of  all  the  boilers 
be  known  over  a  wide  range  of  loads  and  that  they  be  operated  at 
the  most  efficient  point.  It  is  not  of  much  value  to  determine  the 
efficiency  curve  unless  its  indications  are  followed,  and  this  can 
only  be  done  by  the  use  of  a  steam-flow  meter.  These  will  show  not 
only  the  number  of  boilers  to  have  in  service,  but  the  division  of  the 
load  between  the  units.  With  the  underfeed  type  of  stoker,  we 
believe  it  is  necessary  to  have  instruments  indicating  the  draft  over 
the  fire  and  at  the  damper,  as  with  this  type  of  stoker  practically 
balanced  draft  can  be  carried,  and  this  is  the  furnace  condition 
which  is  most  conducive  to  economy,  through  a  reduction  in  the 
infiltration  of  air.  Flue-gas-temperature  recorders  are  desirable,  but 
not  essential,  as  the  release  temperature  will  take  care  of  itself,  if 
the  boilers  are  kept  clean  and  operated  at  the  most  efficient  point, 
except  for  short  periods  during  the  peak. 

A.  G.  Christie.  Our  University  plant  contains  Babcock  and 
Wilcox  boilers  and  Taylor  stokers  with  steam-pressure  regulation 
on  the  blast  and  a  balanced-draft  system  on  the  flue-gas  damper. 
We  have  found  that  the  instruments  which  receive  the  attention  of 
our  firemen  and  enable  them  to  obtain  the  best  results  are  draft 
gages  on  the  blast  and  over  the  fire,  a  pyrometer  in  the  breeching 
and  a  CO2  recorder.  The  latter  takes  much  skilled  attention  but 
produces  results.  We  have  been  experimenting  with  a  new  Uast 
regulator  which  promises  to  give  better  results  than  the  usual  type. 
Steam  meters  combined  with  coal-weighing  devices  are  most  de- 
sirable additions  to  the  plant.  Then  records  of  coal  and  water  con- 
sumed can  be  posted  daily  for  the  information  of  the  fiireroom  shifts. 

C.  E.  Van  Bebgen.  We  regard  the  draft  gage  as  necessary  on 
every  boiler.  It  is  not  possible  for  a  fireman  to  know  what  amount 
of  air  is  passing  through  or  over  his  fires  by  simply  looking  at  them. 
A  steam-flow  meter  is  valuable  in  showing  the  output  of  each  boiler 
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and  all  plants,  except  small  ones,  should  have  a  continuous  record 
of  CO2. 

It  is  our  belief  that  any  plant  expending  S5000  or  more  per 
year  for  fuel  cannot  afford  to  be  without  those  instruments.-  The 
draft  gage  has  shown  us  that  we  formerly  did  not  have  proper  ad- 
justment of  stack  damp>er  and  ashpit  doors.  The  steam-flow  meter 
has  given  us  valuable  information  on  our  monthly  and  yearly  output 
and  the  flue-gas  analyzer  shows  us  the  result  of  careless  firing. 

6   Whai  Is  Essential  to  the  Economical  Operation  of  Hand-Fired 
Boiler  Furnaces  When  Using  Soft  Coalt 

Henbt  Kbeisingbb.  The  right  proportion  of  the  air  supply  to 
the  weight  of  the  coal  burned  is  the  most  essential  requirement  in 
the  economical  operation  of  hand-fired  boiler  furnaces.  The  re- 
moval of  ash  from  the  furnace  is  done  with  the  object  of  keeping 
unobstructed  the  supply  of  air  through  the  fire.  The  fireman  shakes 
the  grate  or  cleans  his  fires  because  the  ash  and  clinker  restrict  the 
supply  of  air  through  the  fuel  bed. 

In  the  boiler  furnace  about  14  lb.  of  air  are  necessary  to  bum 
1  lb.  of  the  average  soft  coal.  This  air  must  be  introduced  into  the 
furnace  in  such  a  way  that  it  is  brought  in  direct  contact  with  the 
coal  and  the  gases  rising  from  the  fuel  bed. 

The  Bureau  of  Mines  has  shown  that  in  the  hand-fired  furnace, 
if  the  fuel  bed  is  level  and  5  to  6  in.  thick,  only  about  7  lb.  of  air  can 
be  supplied  through  the  fuel  bed  to  each  pound  of  coal  burned. 
If  an  attempt  is  made  to  force  more  air  through  the  fuel  bed,  only 
the  rate  of  combustion  or  gasification  is  increased,  and  the  ratio  of 
the  air  to  the  coal  burned  or  gasified  remains  constant. 

The  gases  rising  from  the  fuel  bed  contain  a  large  amoimt  of 
combustible,  about  8  to  10  per  cent  of  CO2  and  practically  no  free 
oxygen.  To  bum  this  combustible  an  additional  7  lb.  of  air  must 
he  supplied  over  the  fuel  bed,  and  should  be  supplied  in  a  large 
number  of  small  streams  and  as  close  to  the  fuel  bed  as  possible,  in 
order  that  it  may  be  mixed  readily  with  the  combustible.  This  air 
IS  mtroduced  through  the  dampers  in  the  firing  doors,  through  the 
cracks  aroimd  the  firing  door,  along  the  side  walls  and  the  bridge  wall, 
in  some  cases  through  special  openings  in  the  bridge  wall,  and  very 
commonly  through  holes  in  the  fuel  bed. 

DIFFICULTY  OF  MAINTAINING  PROPER  AIR  SUPPLY 

In  hand-fired  furnaces  it  is  difficult  to  maintain  the  14-to-l 
proportion  of  air  supplied  to  coal  burned,  because  usually  the  air  is 
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supplied  continuously  *and  at  a  uniform  rate,  whereas  the  coal  is 
charged  intermittently  at  intervals  of  2  to  20  min.  duration.  The 
ash  is  also  removed  intermittently  at  intervals  of  3  to  24  hours, 
depending  on  its  quantity  and  character.  It  is  this  intermittent 
feeding  of  coal  that  makes  the  proper  proportioning  of  air  to  coal 
difficult.  From  the  £u*eman's  standpoint,  soft  coal  consists  mainly 
of  two  kinds  of  combustible,  namely,  volatile  matter  and  fixed 
carbon.  The  volatile  matter  is  that  part  of  the  coal  which  is  driven 
off  as  gases  and  tars  when  the  coal  is  heated,  whether  air  is  supplied 
to  bum  them  or  not.  The  fixed  carbon  is  that  part  which  stays 
on  the  grate  after  the  volatile  matter  has  been  driven  off  and  until 
burned  or  gasified  by  the  air  flowing  through  the  fuel  bed.  .When 
the  fuel  is  5  to  6  in.  thick  the  fixed  carbon  is  not  completely  burned, 
but  a  considerable  portion  of  it  leaves  the  bed  in  the  form  of  CO. 
In  the  first  3  or  4  in.  above  the  grate  the  carbon  bums  to  COs,  of  which 
a  large  part  is  reduced  to  CO  in  the  upper  layer  of  the  fuel  bed. 

Thus,  immediately  after  firing  while  the  distillation  is  taking 
place,  the  fuel  bed  acts  both  as  a  gas  retort  and  a  gas  producer; 
after  the  volatile  matter  has  been  driven  off  the  fuel  bed  acts  only  as 
a  gas  producer.  Therefore,  immediately  after  firing  sufficient  air 
is  needed  over  the  fuel  bed  to  burn  the  gas  from  the  gas  retort  and 
also  from  the  gas  producer.  After  the  distillation  has  been  com- 
pleted only  enough  air  is  needed  to  bmn  the  producer  gas.  With  a 
constant  air  supply  over  the  fuel  bed  it  is  impossible  to  have  sufficient 
air  to  bum  the  gases  completely  while  the  process  of  distillation 
is  going  on  without  having  too  much  air  after  the  distillation  has 
been  completed. 

ADJUSTMENT  OF  AIR   SUPPLIED  TO   QUANTITY  NEEDED 

In  order  to  have  the  right  amount  of  air  in  the  furnace  at  all 
times,  two  methods  may  be  used:  (a)  The  air  supply  over  the  fuel  bed 
may  be  varied  during  each  firing  cycle;  or  (6)  the  distillation  or  the 
gas-retort  process  may  be  extended  over  the  entire  firing  cycle. 

There  are  devices  to  vary  the  air  supply  over  the  fuel  bed  auto- 
matically which,  with  proper  attention,  give  good  results.  How- 
ever, with  the  ordinary  hand-fired  furnace  the  fireman  can  approxi- 
mate their  action  by  cracking  the  firing  door  for  a  short  period 
after  firing. 

The  method  under  (6)  is  probably  more  practicable.  Elach  new 
charge  of  coal  can  be  heated  slowly  so  that  the  distillation  extends 
over  the  entire  firing  cycle. 


ECONOMIGAL  HAND   FIBING  327 

With  the  coking  method  of  firing  the  coal  is  placed  in  larg^ 
charges  on  the  front  part  of  the  grate,  where  it  is  heated  slowly. 
When  the  distillation  is  nearly  completed,  the  coal  is  spread  over 
the  grate  and  a  new  charge  placed  near  the  firing  door.  This  method 
is  feasible  for  heating  boilers,  but  is  objectionable  for  power-plant 
boilers. 

For  power-plant  boilers  the  most  practical  and  economical 
method  is  to  shorten  the  period  of  firing  so  that  distillation  extends 
nearly  from  one  firing  to  another.  In  order  to  eliminate  the  danger 
of  piling  the  fresh  coal  on  top  of  coal  from  which  the  volatile  matter 
has  not  been  completely  distilled,  half  of  the  grate  area  should  be 
covered  at  a  time  —  the  alternate  method  of  firing  —  and  the  firing 
be  so  timed  that  half  of  the  grate  area  is  distilling  volatile  matter 
all  the  time.  This  may  require  that  the  firing  be  done  at  about  2-min. 
intervals,  or  even  more  frequently.  The  charges,  of  coiu'se,  should 
be  snudl  so  that  there  will  be  no  tendency  of  the  coal  to  form  heaps; 
they  should  be  spread  over  the  thin  spots  of  the  fuel  bed,  avoiding 
the  thick  spots. 

Frequent  firing  reduces  the  chance  of  the  fuel  bed's  burning  out 
large  holes,  which  would  let  into  the  furnace  too  lai^  an  excess  of 
^*  With  the  caking  or  coking  coals  the  holes  in  the  fuel  bed  may 
not  always  be  due  to  coal  burning  out  faster  in  the  thin  spots,  but  to 
shrinkage  of  the  fuel  bed,  which  causes  cracks  to  form.  Once  a 
crack  is  formed,  the  air  rushes  through  and  bums  the  coal  on  each 
side  of  the  crack,  rapidly  making  it  larger.  This  explains  why 
Jrith  eastern  coking  coals  it  is  much  more  difficult  to  keep  the  fuel 
bed  free  from  holes  than  with  the  free-burning  coals  such  as  come 
from  the  Illinois  coal  field.  Frequent  firing  and  the  alternate  method, 
to  some  extent,  reduce  the  harm  that  may  come  from  holes  in  the 
fuel  bed. 

EFFECT  OF  FREQUENT  FIRINGS 

Pig.  13  shows  the  effect  of  frequent  firings  of  Illinois  soft  coal 
on  the  air  supply  and  the  composition  of  the  furnace  gases.  The 
points  connected  with  the  solid,  heavy  line  are  the  readings  of  CO2 
taken  with  an  interferometer,  and  those  with  the  dotted  line  the 
indications  of  CO2,  shown  at  the  same  time  by  a  Uehling  CO2 
recorder.  The  interferometer  gives  the  CO2  contents  in  the  gases 
at  the  instant  when  the  observation  is  taken,  but  the  Uehling  re- 
corder has  a  lag  of  about  7  min.  and  a  tendency  to  average  the  CO2 
readings  over  the  entire  firing  cycle.  The  time  of  firing  is  shown 
by  the  black  rectangles  at  the  bottom  of  the  chart.    The  inter- 
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fercHiieter  shows  plainly  very  high  CQt  immediately  after  each  firing, 
followed  by  a  rapid  drop.  This  variation  in  COi  indicates  very 
little  or  no  excess  of  air  after  firing  and  considerable  ezoess  imme- 
diately before  firing.  The  drop  in  COs  is  much  more  pronomiced 
with  the  5-min.  firing  periods  than  with  the  2)Hnin.  periods,  indi- 
cating that  in  the  latter  case  the  air  supply  is  kept  more  nearly 
proportional  to  the  wd^t  of  coal  burned. 

Que  half  of  the  air  supply  was  introduced  throui^  the  grate 
and  the  other  half  over  the  fuel  bed  throu^  fourteen  li-in.  nossles. 
Both  air  supplies  were  measured.  The  nossles  were  placed  in  the 
side  walls  and  injected  the  air  in  horisontal  streams  dose  to  the 
surface  of  the  fuel  bed.  The  grate  area  was  30  sq.  ft.  and  the  rate 
of  filing  was  22  lb.  of  coal  per  sq.  ft.  of  grate  per  hour. 

FnUNG  lOTTHOnS  GlVmO  GOOD  BBSUI/EB 

Good  results  can  be  obtained  with  a  fuel  bed  about  5  to  6  in. 
thick.  Heavy  fuel  beds  offer  hig^  resistance  to  flow  of  air,  making 
It  necessary  to  carry  high  draft  in  the  furnace  and  setting.  £G^ 
^x^dt  increases  air  leakage  into  the  boiler  setting  and  causes  losses 
^m  the  large  excess  of  air.  Furthermore,  thick  fuel  beds  cause 
^^v^esBive  dinkering  and  Hie  hi^  losses  connected  with  the  frequent 
cleajiing  of  fires.  Higher  rates  of  combustion  can  be  obtained  with 
^Wn  fires  than  with  thick  ones. 

The  draft  damper  should  be  so  adjusted  that  the  air  supply 
^^^^XDugh  the  fuel  bed  is  always  just  suffident  to  bum  the  coal  at  the 
^^i=K:xe  rate  it  is  fired.  The  accumulation  of  ash  and  clinker  on  the 
Si^t;e  will  gradually  increase  the  resistance  through  the  fire,  and 
th^  draft  should  be  accordingly  increased.  Sudden  large  changes  in 
th^  damper  should  be  avoided. 

Pires  should  be  thoroughly  cleaned  at  r^ular  intervals  and  at 

« 

^^i^es  when  the  load  on  the  boiler  is  reduced,  such  as  the  noon. 
Periods.  The  side  cleaning  method  by  which  one  dde  of  the  grate  is 
cleaned  at  a  time  is  recommended.  After  cleaning^  the  fire  should  be 
^^t  up  graduall>\    A  day's  shift  should  start  with  a  clean  fire. 

Perhaps  nowhere  is  a  good  start  of  such  great  advantage  as  in  run- 

^^^  a  furnace. 

INDICATING   INSTRXTMENTS  OF  PRIME  IMPORTANCE 

E.  E.  Hunter.^    One  of  the  prime  essentials  to  economical 
operation  of  hand-fired  boiler  furnaces  when  using  soft  coal  is  to  have 
'  Chief  Engineer,  Oklahoma  Gas  &  Electric  Co.,  Oklahoma  City,  Okla. 
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boilers  and  furnaces  equipped  with  the  necessary  instruments  as 
guides  or  indicators,  of  which  a  reliable  CO2  machine  and  draft  gages 
are  the  most  important. 

The  method  of  firing  to  be  used  depends  largely  upon  the  quality 
of  coal  and  upon  the  nature  of  the  load  to  be  carried.  For  a  steady 
load  a  slow-burning  coal  which  cokes  nicely  may  be  used  to  advan- 
tage, because  there  will  be  no  sudden  demands  for  steam  and  a  thick 
fire  can  be  carried,  which  should  not  be  disturbed  except  when  ab- 
solutely necessary. 

On  the  other  hand,  with  an  erratic,  unsteady  load  a  quick,  flashy 
coal  high  in  volatile  matter  will  no  doubt  give  satisfaction,  and  the 
fuel  bed  in  this  case  should  not  be  very  thick  and  should  be  fired 
lightly  and  often  according  to  the  steam  demand. 

The  alternate  method  of  firing  is  reconnnended  by  some,  but  I 
believe  the  best  one  is  to  fire  every  door,  with  the  fire  doors  kept 
open  the  minimum  length  of  time.  The  firemen  should  be  given 
long  and  careful  instruction  in  the  manipulation  of  the  dampers, 
guided  by  the  draft  gages,  and  should  regulate  their  draft  accord- 
ing to  the  demand  for  steam. 

Fires  should  be  cleaned  at  a  time  when  there  is  the  least  demand 
for  steam,  and  as  quickly  and  thoroughly  as  possible. 

Perhaps  the  best  and  most  generally  used  method  is  where  the 
live  coals  and  coke  are  pushed  or  thrown  to  one  side  of  the  furnace, 
leaving  the  refuse,  which  is  raked  out.  The  clean  grates  are  then 
covered  with  clean  fire  from  the  other  side  of  the  furnace,  which  is 
then  similarly  cleaned. 

I  believe  that  more  fuel  is  wasted  by  operating  with  leaky  boiler 
settings  than  in  any  other  way.  All  boiler  settings,  therefore,  should 
be  kept  up  to  the  highest  possible  degree  of  tightness.  This  can 
be  done  by  stopping  up  all  of  the  larger  cracks  with  some  good  filler 
and  then  applying  a  generous  coat  of  a  first-class  plastic  cement, 
which  will  effectually  seal  all  small  cracks  and  pores  in  the  brick. 
The  settings  should  be  gone  over  at  regular  intervals  by  a  competent 
man  and  repairs  made  where  needed. 

The  most  important  thing,  however,  in  the  economical  opera- 
tion of  hand-fired  boiler  furnaces,  whether  using  soft  coal  or  some 
other  fuel,  is  to  have  a  well-trained,  efficient  corps  of  men  who  are 
heartily  in  accord  with  their  chief  and  his  policies.  This  is  ex- 
tremely difficult  to  bring  about,  but  it  can  be  accomplished  by 
systematic  hard  work,  sprinkled  with  a  Uttle  diplomacy.  The  gov- 
erning head  or  superintendent,  first  of  all,  should  be  master  of  him- 
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self.  This  will  command  the  respect  and  loyalty  of  those  mider  his 
dijrect  control.  He  should  study  human  nature,  for  this  will  enable 
him  to  select  the  class  of  men  who  will  stand  by  him.  He,  in  turn, 
sbould  stand  by  them,  take  an  interest  in  their  affairs,  outside  of 
buusiness,  and  give  ear  and  patience  to  any  condition  arising  wherein 
tbor  interests  are  involved. 

Geobge  el  Diman.  This  is  a  subject  in  which  I  have  been 
vory  much  interested  for  over  fifty  years,  but  I  have  been  discour- 
aged many  times  by  the  indifference  shown  by  the  managers  and 
o^mers  of  power  plants.  I  know  of  no  department  in  any  manu- 
fao  taring  concern  where  there  is  as  much  waste  as  in  the  boiler 
rooms  of  our  manufacturing  concerns  in  New  England. 

FIRING  METHODS  THAT  HAVE  PROVED  SUCCESSFUL 

^First,  I  should  have  the  grates  not  over  7  ft.  in  length  —  6^  ft. 

would  be  better  —  as  it  is  impossible,  if  the  grates  are  longer  than 

this,  to  keep  the  back  end  of  the  fire  covered.    I  should  set  the 

boilers  no  less  than  4  ft.  above  the  grates  —  5  ft.  would  be  better. 

Tlus  insures  a  good  combustion  chamber.    It  will  be  noticed  that  the 

boiler  makers  use  practically  the  same  size  of  ashpit  door  with  a  250- 

bp.   boiler  that  they  do  with  a  600-hp.  boiler.    This  gives  a  great 

supply  of  air  near  the  doors,  but  none  in  the  middle  of  the  grates. 

I  should  dispense  with  the  ashpit  doors,  cutting  away  the  boiler 

front  the  full  width  of  the  grates.    This  gives  an  even  distribution 

of  air  underneath  the  grates. 

I  should  start  with  the  fire  14  in.  thick  and  try  to  keep  it  the 
same  thickness  through  the  day's  run.  I  find  time  firing  the  best, 
and  in  our  mills  in  Lawrence  we  adopted  the  system  of  firing  every 
ten  minutes,  putting  on  the  number  of  shovelfuls  required  to  keep 
the  fire  the  same  thickness  and  maintain  the  power.  I  find  that 
from  5  to  6  shovelfuls  of  coal  is  plenty.  It  takes  about  four  to  five 
nainutes  for  a  man  to  coal  one  side  of  two  boilers  and  level  the  other 
side.  This  gives  him  five  minutes  to  rest.  I  would  recommend  the 
boilers  to  be  run  about  50  per  cent  above  rating.  This  would  in- 
sure a  very  hot  fire.  Firing  one  side  at  a  time  prevents  smoke. 
We  have  44  boilers  at  our  Wood  Mills.  They  fire  one-half  of  these 
boilers  at  a  time  —  that  is,  one  side,  and  level  the  other  side  of  the 
same  boilers.  When  they  have  finished,  the  men  on  the  opposite 
side  start  and  do  the  same.  Every  man  has  a  chair  to  sit  in,  and  in  a 
10-hour  run  the  men  are  on  their  feet  about  half  of  the  time. 

I  would  use  a  good  shaking  grate,  which  keeps  the  fire  free  from 
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asheS;  and  would  avoid  slicing  as  much  as  possible,  as  this  makes 
clinkers. 

The  dampers  should  be  set  so  that  all  of  the  boilers  will  have  the 
same  draft.  If  the  steam  damper  is  used,  I  would  have  this  adjusted 
so  that  it  cannot  close  tight.  When  the  damper  closes  tight,  the  fur- 
nace commences  to  make  gas  (CO),  or  utilizes  4450  B.t.u.  instead  of 
14,400  B.t.u.  We  used  to  think  that  we  were  saving  coal  with  the 
dampers  shut,  but  we  knew  little  about  carbon  monoxide  then. 

I  should  avoid  cleaning  the  fires  in  working  hours,  preferring  to 
clean  them  when  the  mill  is  stopped.  If  the  fires  must  be  cleaned 
while  the  mill  is  running,  I  would  have  one  side  of  the  fire  burned 
down;  clean  the  refuse  and  ashes  out  clear  to  the  bridge  wall;  throw 
the  coal  from  the  other  side  that  is  imbumed;  coal  that  over,  and 
when  that  is  kindled  up  clean  out  the  other  side  and  coal  that  up. 
This  insures  a  clean  fire  all  over  the  furnace. 

We  hear  a  great  deal  about  the  great  loss  from  opening  the  doors 
when  hand  firing,  but  I  have  not  found  this  to  exist.  If  one  will 
watch  the  operation  of  the  steam-flow  meter,  he  will  find  that  the 
horsepower  of  the  boiler  does  not  drop  when  the  fire  door  is  opened. 

I  have  had  both  doors  on  a  boiler  open  for  one  minute  and  have 
seen  no  perceptible  difference.  The  greatest  loss  comes  from  the 
uneven  feeding  of  a  boiler  with  water.  I  have  seen  the  registration 
of  a  meter  on  a  boiler  drop  from  500  hp.  to  250  hp.  in  one  minute, 
due  to  the  fireman's  opening  the  valve  carelessly. 

It  is  very  necessary,  in  order  to  get  economical  results  either 
with  hand  firing  or  stokers,  to  keep  the  boilers  and  the  tubes  perfectly 
clean  and  to  stop  all  air  leaks  around  the  boilers.  On  our  boilers  at 
the  Wood  Mills  we  blow  the  tubes  every  eight  hours  —  three  times 
in  24  hours,  and  open  up  and  wash  out  the  boilers  every  two  months 
—  that  is,  a  certain  number  every  week.  We  have  very  good  water. 
If  the  water  were  bad,  we  would  have  them  done  oftener.  I  was  once 
found  fault  with  because  the  men  used  so  many  manhole  gaskets,  but 
I  told  the  manager  that  manhole  gaskets  were  cheaper  than  boiler 
makers.    I  never  heard  anything  more  about  manhole  gaskets. 

7  To  What  Kinds  of  Plants  and  Coals  Are  the  Differeni  Types  of 
Mechanical  Stokers  Respectively  Adapted,  and  What  Is  the 
Limiting  Factor  to  Their  Use  in  the  Small  Plant  t 

Joseph  Harrington.^  The  usual  and  generally  accepted  classi- 
fication of  coals  from  the  viewpoint  of  the  mechanical-stoker  manii- 

^  Member  of  Conservation  Committee,  United  States  Fuel  Administiaikm 
for  lUinoifl. 
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facturer  and  operative  is  based  on  the  tendency  of  coal  to  fuse  to- 
gether upon  the  application  of  heat  and  form  a  solid  mass,  or  piece 
of  coke,  which  is  impervious  to  air  at  ordinary  draft  pressures. 
Those  coals  which  act  in  this  manner  are  called  coking  coals,  and  to 
prevent  this  cementing  action  the  fuel  bed  must  be  kept  in  agitation 
during  the  period  when  the  tarry  element  is  being  formed.  This 
feature  has  limited  the  field  of  the  chain-grate  stoker,  and  those 
forms  of  this  stoker  which  leave  the  fuel  bed  entirely  quiet  have 
been  effectually  excluded  from  the  coking-coal*  territory.  For  this 
reason  those  stokers  which  agitate  the  fuel  bed  and  those  which 
supply  air  under  artificial  pressure  have  been  found  most  suitable 
to  these  fuels. 

The  success  of  the  inclined  and  gravity  underfeed  stokers  has 
been  due  in  large  measure  to  their  adaptability  to  this  particular 
characteristic  of  eastern  coals. 

RECLASSIFICATION  OF  COAIfi  ON  ASH-CONTENT  BASIS 

Attempts  by  the  manufacturers  of  this  equipment  to  enter  the 
high-ash  and  high-volatile  regions  of  the  Middle  West  have  devel- 
oped another  significant  feature  which  is  becoming  all  important, 
and  to  a  large  extent  is  going  to  supersede  the  former  S3rstem  of 
classification.  One  of  the  characteristics  of  middle-western  coals  is 
the  relatively  high  ash  content.  The  use  of  stokers  which  disturb 
and  agitate  the  fuel  bed  has  shown  in  emphatic  manner  the  im- 
portance and  value  of  reclassification  based  on  the  ash  element. 
This  classification  may  parallel  to  a  large  extent  that  based  on  the 
coking  qualities  of  the  coal,  heretofore  regarded  as  the  broadest 
division.  Neither  the  coking  nor  the  ash  features  afford  a  clean- 
cut  and  definite  line  of  separation  because  the  coals  of  the  country 
are  of  all  grades  and  intermediate  quaUties,  and  shade  one  into 
another  by  almost  imperceptible  gradations.  Broadly  speaking, 
there  is  a  very  definite  difference  between  the  coals  found  east  and 
west  of  Pittsburgh. 

I  would  therefore  reclassify  mechanical  stokers  along  the  fol- 
lowing lines,  and  consider  this  classification  as  vital  in  their  success- 
ful application  to  the  immense  territory  lying  west  of  the  Alleghany 
Mountains : 

While  there  are  many  variations  in  the  design  of  stokers,  they 
all  fall  into  one  of  two  classes:  first,  those  having  the  grate  surface 
immovable,  or  non-progressive,  the  fuel  traveling  bodily  over  the 
grate  surface  impelled  either  by  purely  mechanical  means,  or  me- 
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chanical  means  aided  by  gravity;  and  second,  those  having  the 
grate  surface  movable  and  traveling  at  the  same  rate  as  the  fuel,  the 
latter  resting  undisturbed  thereon.  Consideration  will  show  that 
this  is  a  basic  stoker  difference  and  hereafter  must  be  given  its  full 
importance  or  value  in  assigning  a  type  of  stoker  to  a  given  region. 

As  previously  stated,  coking  coals  must  be  agitated  during  the 
early  combustion  stages  and  it  is  this  which  limits  the  application 
of  the  chain  grate  to  the  eastern  fuels,  and  not  the  low  ash  content, 
which  is  also  characteristic. 

On  the  other  hand,  those  stokers  which  naturally  and  inevitably 
agitate  the  fuel  get  into  trouble  from  this  very  cause  when  hA.TiH1ing 
the  high-ash  western  coals. 

FUEL-BED   DISTURBANCE  AN   IMPORTANT  FEATURE  IN  8T0KSB8 

Extensive  and  careful  observations  impress  me  with  the  fact 
that  the  fuel-bed  disturbance  is  and  must  continue  to  be  the  most 
important  single  element  in  mechanical  stoking.  When  these  fuels 
are  burned  at  a  rate  which  produces  fusing  temperatures  in  the 
furnace,  the  ash  will  either  hquefy  or  soften  so  as  to  be  sticky  and 
the  sUghtest  disturbance  will  cause  it  to  ball  up  and  form  clinkers  of 
immense  size.  The  more  it  is  agitated,  the  worse  this  trouble  be- 
comes. At  rates  of  combustion  which  are  possible  ynih  the  under- 
feed type  of  stoker  a  limit  is  actually  reached,  and  the  fire  gets  into 
such  condition  that  operations  must  be  stopped  to  allow  the  cleaning 
of  the  furnace.  Even  if  it  is  possible  to  dump  the  refuse  as  formed, 
ashpit  conditions  become  intolerable  and  it  is  almost  impossible  to 
remove  the  ash  under  these  conditions.  I  am  becoming  convinced, 
therefore,  that  the  efficiency  of  the  otherwise  highly  efficient  type  of 
stoker  which  we  know  as  the  underfeed  or  inclined  type,  is  largely 
offset  by  the  unavoidable  ashpit  losses  and  the  excessive  amount  of 
labor  which  must  be  expended  in  removing  the  hot  ash  and  clinkers 
which  come  from  these  stokers,  and  in  controlling  the  side-wall 
accretions.  Observations  accompanied  by  analysis  both  under  test 
and  under  ordinary  operating  conditions  show  that  from  20  to  50 
per  cent  of  combustible  will  be  found  in  the  ash,  and  that  this  repre- 
sents anywhere  from  3  to  6  per  cent  of  the  total  coal  fired.  It  is 
possible  to  bum  such  high-ash  coals  with  not  to  exceed  20  per  cent 
of  combustible  in  the  refuse,  and  when  conditions  are  ri^t  10  per 
cent  can  readily  be  obtained. 

I  should  therefore  like  to  call  attention  to  this  fact  and  suggest 
that  the  ultimately  successful  stoker  for  the  region  lying  west  of 
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Pittsburgh  will  be  one  which  does  not  agitate  the  fuel,  and  which 
discharges  the  refuse  as  formed  and  at  the  same  time  does  not  admit 
to  the  furnace  more  than  the  usual  requirements  in  the  way  of  air. 
It  is  possible  to  bum  these  fuels  on  this  type  of  stoker  with  the 
proper  amount  of  air  per  pound  of  coal,  and  when  the  draft  is  in- 
tensified by  mechanical  means,  rates  of  combustion  in  conformity 
with  modem  requirements  can  be  developed. 

Great  stress  is  invariably  laid  upon  gas  analysis,  and  without 
question  it  is  a  most  important  index  of  furnace  efficiency.  Recent 
developments,  however,  have  shown  another  and  serious  source  of 
loss,  which,  while  it  has  been  recognised,  has  not  been  given  its 
proper  weight.  The  ashpit  is  the  source  of  loss  to  which  I  refer  and 
before  conservation  can  properly  be  carried  out,  this  loss  must  be 
largely  eliminated. 

The  answer  to  the  question  as  to  the  minimum  size  of  installa- 
tion which  warrants  the  application  of  mechanical  stokers  must  be 
relative  and  not  absolute,  since  there  are  at  least  two  variables  which 
enter  into  this  combination. 

Any  application  of  mechanical  stdcers  which  pays  for  itself  in 
three  years  is  warranted.  Paying  for  itself  may  be  made  up  by 
reduction  in  the  cost  of  the  coal  used,  in  a  reduction  of  the  labor 
required  in  operation,  or  both.  A  stoker  will  use  up  its  value  in  fuel 
three  times  a  year  so  that  it  is  only  necessary  to  secure  a  relatively 
small  reduction  in  the  price  of  coal  to  show  a  large  profit  on  the  cost 
of  the  installation.  Labor  enters  into  this  proposition  almost  as 
importantly  as  does  coal,  since  the  supply  of  labor  is  becoming 
scarce  and  higher  priced  every  day. 

THE  FIELD  FOB  THE  MECHANICAL  STOKEB 

The  great  thing,  however,  for  the  country  to  consider  at  present 
is  the  opportunity  which  undoubtedly  exists  to  bum  lower  grades 
of  coal  in  a  fairly  economical  maimer,  by  the  use  of  proper  stokers, 
^han  can  be  burned  in  the  hand-fired  furnace.  Coal  which  ordi- 
^rily  would  be  classed  as  refuse,  containing  40  per  cent  in  ash, 
"^  per  cent  in  sulphur  and  15  per  cent  of  moisture  as  fired,  is  being 
successfully  burned  in  more  than  one  plant. 

It  would  be  practically  impossible  to  develop  rating  by  hand- 
firing  this  fuel.  If,  therefore,  the  small  hand-fired  plant  ordinarily 
accustomed  to  burning  a  good  grade  of  lump  or  sized  coal  can  secure 
a  supply  of  screenings,  even  though  they  be  of  a  low  order,  and  pro- 
vided they  can  be  purchased  at  a  reduced  price,  it  can  well  afford 
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to  install  a  mechanical  stoker.  It  is  recognized  that  the  small  stoker 
costs  out  of  proportion  to  its  active  grate  area,  but  at  the  same  time 
the  percentage  in  skving  may  be  greater  than  in  the  case  of  the 
larger  installation  because  the  fact  remains  that  the  small  instal- 
lation is  usually  the  worse  offender  from  an  economic  standpoint. 

Authentic  cases  of  25  to  30  per  cent  reduction  in  the  cost  of  coal 
abound  when  this  change  has  been  made.  From  a  theoretical  stand- 
point,  at  least,  there  is  no  minimum  limit  in  the  practical  size  of 
steam  boilers  suitable  for  the  application  of  mechanical  stokers. 
Merely  because  stoking  has  been  developed  with  the  lai^r  units  is 
no  reason  why  it  should  not  be  developed  for  the  smaller  unit,  and 
in  consideration  of  the  large  percentage  of  the  total  fuel  supply  that 
is  consmned  in  the  very  small  plant,  it  is  imperative  that  engineers 
give  this  phase  of  the  question  their  earnest  consideration.  If  the 
stoker  does  not  exist  which  is  suitable  for  a  50-  or  75-hp.  boiler,  it  must 
be  developed,  and  my  prediction  is  that  it  will  soon  appear  on  the 
market  in  perfected  form. 

The  answer,  therefore,  to  this  part  of  the  question  is  literally 
that  there  is  no  minimum  limit  to  the  size  of  boiler  adapted  to  the 
use  of  a  mechanical  stoker;  but  interpreting  the  question  as  it  will 
ordinarily  be  interpreted,  my  opinion  is  that  anything  over  150  hp. 
becomes  a  possible  field  for  the  appUcation  of  the  stoker. 

J.  Van  Brunt.  The  selection  of  mechanical  stokers  with  regard 
to  coal  and  size  and  character  of  plants  presents  a  problem  that  can 
only  be  answered  in  each  individual  case,  and  the  proper  solution 
can  be  reached  only  when  all  of  the  factors  entering  into  the  problem 
are  known. 

It  is  hardly  advisable  to  arbitrarily  classify  plants,  stokers  and 
coal  and  attempt  to  predetermine  on  the  basis  of  such  classification 
the  proper  mechanical  stoker.  For  the  purpose  of  discussion,  how- 
ever, stokers  and  coals  may  be  classified,  and  in  a  general  way  plants 
may  be  divided  in  four  classes:  Underfeed  stokers;  traveling  or  chain 
grates;  overfeed  stokers;  and  miscellaneous,  such  as  powdered-fuel 
burners,  shovel  or  scatter  stokers,  and  semi-mechanical  grates. 

CLASSIFICATION  OF  STOKER  PLANTS 

Underfeed  stokers  are  again  subdivided  into  multiple  retort,  as 
the  Riley,  Westinghouse  and  Taylor;  single  retort  Vith  dead  grates 
(Jones) ;  and  single  retort  with  inclined  moving  grates,  as  the  Type  E. 
Chain  or  traveling  grates  are  of  two  types,  differing  principally  in 
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the  fuel-bearing  surface.  In  the  chain  grate  the  grate  surface  is 
composed  of  a  large  number  of  links  held  together  by  through  bolts 
maldng  a  broad  ban^  of  endless  chain  on  which  the  fuel  is  carried. 
The  traveling  grate,  on  the  other  hand,  consists  of  a  number  of 
grate  bars  or  sections  of  grate  bars  held  on  qross-memberSi  which  in 
turn  are  fastened  to  the  driving  chains  at  either  side  of  the  stoker. 
The  chains  are  thus  below  the  fire  line,  and  not  subject  to  the  heat 
as  in  the  chain  grate.  There  is  a  further  division  of  such  grates  in 
forced-draft  and  natiu^-draft  grates.  Overfeed  stokers  may  be 
front  feed  as  the  Roney  or  side  feed  as  the  Murphy  and  Detroit. 
The  semi-mechanical  grates  and  miscellaneous  stokers  need  hardly 
be  described  further. 

Coals  present  such  a  wide  range  of  qualities  aside  from  their 
approximate  analyses  and  heating  values  that  it  is  difficult  to  present 
a  satisfactory  classification. 

TYPES  OF  BOILEB  PLANTS 

Boiler  plants  for  the  purpose  of  this  discussion  may  be  divided 
into  four  general  classes,  as  follows:  First,  low-pressure  heating 
plants  of  one  or  two  smaQer  boilers,  including  such  small  hig^- 
pressure  plants  of  similar  size  as  are  found  in  some  office  buildings 

and  factories  where  the  load  is  small  and  the  boiler  set  so  low  that  a 
satisfactory  stoker  installation  is  impossible  except  at  prohibitive 
expense;  second,  moderate-sized  plants  having  ample  boiler  capacity 
operating  at  moderate  ratings,  and  not  requiring  additional  capacity; 
third,  industrial  plants  of  large  and  moderate  size,  requiring  addi- 
tional boiler  capacity,  where  the  labor  may  be  materially  reduced 
hy  stokers;  fourth,  central  stations  or  plants  having  the  character- 
istic load  curve  of  such  stations. 

ADAPTABILITY  OF  STOKERS  TO  DIFFERENT  REQUIREMBNTS 

In  the  first  class  of  plants  stokers  are  not,  as  a  rule,  adaptable 
to  low-pressure  boilers  because  of  the  fact  that  power  is  required  to 
<Wve  the  stokers;  and  no  saving  in  labor  is  possible,  nor  can  stokers 
usually  be  installed  except  at  considerable  expense  for  changing  the 
boiler  setting  or  lowering  the  floor  to  secure  sufficient  height  or 
distance  between  fire  and  shell  or  tubes  of  boiler.  This  latter  con- 
dition also  applies  to  high-pressure  plants  of  similar  character. 

In  the  second  class  the  use  of  stokers  would  depend  on  the 
labor  and  coal  saving  possible.  The  load  conditions  and  the  coal 
available  will  determine  the  type  of  stoker.    For  steady,  moderate 
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loads  and  high-ash  coal  the  chain  grate  will  be  satisfactory;  for 
some  load  conditions  and  good  coal,  the  overfeed  type.  The  under- 
feed type  will  also  be  satisfactory  under  most  conditions,  particu- 
larly where  the  coal  is  likely  to  vary  in  quaUty  from  time  to  time. 

For  plants  falling  in  the  third  class,  the  forced-draft  underfeed 
stoker  will  generally  be  foimd  to  be  the  most  satisfactory  because  of 
its  great  flexibility,  overload  capacity  and  high  furnace  efficiency  over 
a  wide  capacity  range.  This  type  of  stoker  will  handle  practically 
all  coals  between  and  including  semi-anthracite  and  sub-bituminous 
with  an  ash  content  up  to  15  per  cent,  and,  except  for  high  continuous 
overloads,  20  per  cent. 

For  free-biuning  coal  of  higher  ash  content  than  20  per  cent,  the 
forced-draft  traveling  grate  would  be  a  satisfactory  equipment, 
assuming  that  adequate  provision  is  made  to  handle  the  ash. 

Central  stations  and  similar  plants  in  the  fourth  class  are  practi- 
cally forced  to  use  underfeed  stokers.  Because  of  the  low  load 
factor  of  such  plants  it  is  essential  that  the  stokers  be  able  to  force 
the  boilers  up  to  high  overloads  —  250  to  300  per  cent  of  their  rating 
for  the  comparatively  short  peak  loads.  It  is  also  necessary  at 
times  to  meet  extraordinary  loads  with  but  little  warning,  and  for 
this  purpose  the  forced-draft  imderfeed  stoker,  because  of  its  elas- 
ticity, is  not  equaled  by  any  other  stoker. 

Starting  from  a  banked  fire  with  an  imderfeed  stoker,  it  is  pos- 
sible to  bring  a  boiler  up  to  200  per  cent  of  rating  in  from  four  to 
six  minutes,  a  performance  not  possible  with  any  other  type  of 
stoker. 

Where  the  coal  has  a  high. ash  content  and  is  of  low  heating 
value,  it  may  be  advisable  to  use  traveling  grates  with  forced  draft. 
Sufficient  grate  surface  can  usually  be  provided  to  take  care  of  the 
required  overloads.  This  type  does  not  respond  as  quickly  as  the 
underfeed  type  to  sudden  load  changes,  but  where  peak  loads  occur 
at  certain  known  times  they  can  readily  meet  such  conditions. 

So  far  the  fuels  considered  have  been  those  between  and  including 
semi-anthracite  and  sub-bituminous. 

The  successful  use  of  mechanical  stokers  for  biuning  the  finer  or 
steam  sizes  of  anthracite  is  a  comparatively  recent  development, 
and  the  writer  considers  himself  fortunate  in  having  been  closely 
associated  with  this  development.  These  fuels  and  coke  breese 
are  now  burned  successfully  on  a  traveling-grate  stoker  with  forced 
draft.  This  stoker  is  the  development  of  the  work  and  experiments 
of  the  late  Eckley  B.  Coxe,  a  prominent  anthracite-coal  operator. 
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Many  boilers  equipped  with  these  stokers  and  burning  No.  3  buck- 
wheat coal  or  coke  breeze  are  being  operated  at  from  150  to  200 
per  cent  of  rating.  Because  of  the  cost  of  the  equipment  it  is  not 
usually  advisable  to  install  in  small  plants  or  small  boilers  where 
only  moderate  loads  are  required. 

This  type  of  stoker  is  not  as  elastic  as  the  underfeed,  but  is  more 
so  than  the  natural-draft  chain  grate.  It  would  probably  not  meet 
satisfactorily  the  conditions  of  violently  fluctuating  loads. 

Some  recent  experiments  on  this  stoker  have  indicated  the  possi- 
bility of  burning  as  high  as  60  lb.  of  bituminous  coal  per  square  foot  of 
grate,  and  in  the  near  future  there  will  be  more  data  available  on 
the  burning  of  Illinois  coal  and  lignite  on  this  grate. 

In  existing  plants  among  the  principal  limiting  conditions  found 
are  the  setting  heights  of  boilers,  the  capacity  of  the  breechings  and 
stacks,  the  overload  requirements,  the  kind  of  coal,  the  class  of 
labor  and  the  cost  of  the  installation,  and  the  foregoing  classification 
of  plants  is  only  an  attempt  to  generalize. 

Thomas  A.  Marsh.  The  two  g^eral  classifications  of  fuel  from 
the  standpoint  of  adaptability  to  stokers  are:  (1)  coking  and  non- 
coking;  (2)  clinkering  or  non-clinkering.  Compared  with  these 
characteristics  all  other  properties  sink  into  insignificance,  as  every 
experienced  fuel  burner  knows.  The  writer  would  therefore  discuss 
the  stokers  suitable  for  each  of  these  classifications. 

Coking  coal  is  coal  whose  tars  fuse  at  a  temperature  below  their 
distillation  point,  resulting  in  binding  the  fuel  together  in  a  caked 
naass.  Obviously,  such  a  fuel-bed  condition  must  either  not  be  al- 
lowed to  occur  or  it  must  be  broken  up  soon  after  occurring.  Stokers 
suitable  to  such  fuels  are  underfeeds,  inclined  stokers  similar  to 
^lurphy  stokers,  Roneys,  L-type  chain  grates,  Type  E  stokers. 
A^lmost  all  such  fuels  are  found  east  of  Pittsbiu'gh,  although  some 
coking  fuels  are  found  in  a  few  western  sections. 

Non-coking  coals  are  those  whose  tars  distill  oflF  at  a  tempera- 
ture below  their  fusing  point.  Such  coals  are,  therefore,  obviously 
free-burning.  The  chain  grate  is  most  suited  to  these  coals.  The 
Performance  of  the  Conmionwealth  Edison  Co.  of  Chicago  is  well- 
l^nown  and  striking  e\'idence  of  this  fact.  Such  fuels  comprise  most 
of  the  fuels  of  Ohio,  Illinois,  Indiana,  Iowa  and  in  general  all  coals 
w^t  of  Pittsburgh.  Those  types  of  stokers  which  do  not  agitate 
^he  fuel  bed  give  best  results  when  the  coal  is  free-burning.  A 
characteristic  of  such  stokers  is  the  minimum  of  operating  attention 
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necessary  and  the  uniformity  of  results  obtainable  with  minimi 
attention.  Bituminous  coals  above  described  are  being  burned 
14  per  cent  COt  with  3  to  5  per  cent  ashpit  loss.  Combustion  ra 
are  from  30  to  50  per  sq.  ft.  per  hr.,  and  200  to  300  per  cent  rati 
is  now  common  practice,  with  efficiencies  of  from  72  to  77  per  ce 
Clinlceriog  co^  are  'those  whose  ash  fuses  at  or  below  2500  d 
fahr.    Such  fueb  must  be  handled  on  stokers  which  clear  themsel' 

TABLE  12    COALS  SUITABLE  FOK  VARIOUS  TYPES  OF  firTOKBRS 


of  ash  continuously.  If  the  coal  in  question  is  a  coking  coal,  I 
fuel  bed  should  be  agitated.  If,  on  the  other  hand,  the  coal  is  fr 
burning,  the  fuel  bed  should  not  be  agitated,  as  this  siiqply  agg 
vates  the  clinker  trouble. 

The  work  of  the  late  J.  P.  Sparrow  has  been  particulariy  help 
in  aiding  in  the  selection  of  suitable  coals  for  certain  stokers  whi 
a  choice  of  coals  is  possible,  and  in  the  selection  of  suitable  stokers : 
the  available  coal  where  a  coal  selection  is  not  possible.    Mr.  Spi 
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row's  tabulation  of  a  variety  of  coals  as  presented  b^ore  the  National 
EHectric  Light  Association  in  1916  is  given  in  Table  12. 

The  ash  of  most  of  the  middle-weet  and  western  coals  fuses 
rrom  2000  to  2400  d^.  fahr.  and  some  as  low  as  1800  deg.  CUnker 
accumulations  must  be  avoided.  There  are  two  meUiods  <^  doing 
this.  One  is  not  to  make  the  clinker,  which  neceesitatee  that  the 
ash  be  kept  on  the  lower  stratum  of  the  fuel  bed  and  out  of  the 
high-temperature  zone;  the  fuel  bed  must  not  be  agitated.  The 
other  method  is  to  have  a  continuous  discharge  of  the  ash  from  the 
furnace. 

The  chain  grate,  which  embodies  botii  of  these  prindplee  of 
keeping  the  ash  on  the  low-temperature  stratum  of  the  fuel  bed 
and  of  discharging  the  ash  continuously  from  the  furnace,  ia  suited 


Fia.  14    Chain-Gr4TE  Setting  ivr  LiainTEs  and  HioB'Moistube 
CokiB,  7000  B.T.u. 

to  coals  of  the  northern  interior,  eastern  interior,  Gulf,  western 
interior,  southern  and  Rocky  Mountain  fields. 

Suitable  stokers  for  coal  that  cokes  and  also  clinkers  are  Green 
"L"  type,  Murphy,  Model  and  Detroit. 

In  the  West  we  have  many  lignites  and  high-ash  coals  containing 
from  7000  to  9000  B.t.u.  In  localities  where  these  are  found  such  fuels 
^re  not  the  occasional  ones,  but  are  used  day  in  and  day  out.  These 
<^als  are  handled  very  well  on  chain  grates.  Figs.  14-16  show  some 
of  the  furnaces  used  for  such  fuels. 

Pig.  14  shows  a  design  of  furnace  in  connection  with  a  B.  &  W. 
^iler  suitable  for  burning  low-grade  coals.  This  furnace  was  used 
^th  lignite  coals  having  an  analysis  as  follows: 

Moisture 39.94  Fixed  carbon 26.44 

VolatUe  matter 30,95  Ash 11.66 

B.t.u.  as  fired 7124 
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This  very  low-^ade  fuel  was  burned  at  a  combustion  rate  of 
31  lb.  per  hour  per  sq.  ft.  of  grate  surface  and  developed  a  combiDcd 
boiler  and  stoker  efficiency  of  71.3  per  cent. 

Figs.  15  and  16  show  the  types  of  furnaces  used  for  burning  high- 
ash  coals.    A  typical  analysis  of  one  of  these  coals  is  as  follows: 

Moisture 14.92  Ash 26.38 

Volatile  matter 28.54  Sulphur 4.73 

Fixedcarbon 31.16  B.t.u.  as  fired 8117 


Fio.  15    Chain-Grate  SBmno  fob  Hioh-Abb  Coalb,  8000  B.t.u. 
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Fig.  16    Chain-Grate  Seitino  for  HiaH-.\SH  Coau,  8000  B.T.r. 

Furnaces  as  shown  in  Figs.  15  and  16  will  bum  such  coals  as  this 
at  efficiencies  from  72  to  75  per  cent  and  nith  combustion  rates  of 
3.'>  to  40  lb.  per  hour  per  («i,  ft.  of  grate  surface. 

Suitable  stokers  for  free-burning  clinkering  coal  include  all  chain 
grates  ami  traveling-bar  stokers.  The  argument  in  favor  of  this 
type  of  stoker  is  ver>'  strong,  duo  to  higher  operating  t 


ass  OF  MBCHANIGAL  ST0KEB8  343 

low  labor  cost  and  low  maintenance  cost  against  the  reverse  if  agi- 
tating stokers  are  selected. 

Suitable  stokers  for  coking,  non-clinkering  coals  are:  Under- 
feeds, ''L"  type  chain  grates,  Murphy,  Model,  Detroit  and  similar 
agitating  grates.  Such  coals  are  New  River,  Pocahontas  and  the 
better-grade  eastern  fuels. 

These  are  broad  classifications.  Local  operating  conditions  may 
occasionally  indicate  exceptions  to  these  selections. 

We  should  not  in  our  entire  discussion  of  this  problem  lose  sight 
of  the  conunercial  aspects  of  labor  saving,  ease  of  operation  and 
maintenance  of  furnaces  and  continuity  of  service  when  stokers  are 
using  imsuitable  fuels. 

Cabl  Smebling.  The  hand-operated  stoker  is  now  installed  in 
all  types  of  furnaces  and  almost  every  type  of  boiler  from  40  to  600 
hp.  in  one  unit,  and  to  the  extent  of  5000  hp.  in  one  fireroom.  This 
stoker  could  well  be  named  the  Ford  of  stokers,  or  more  closely 
nicknamed  the  ''Jitney.'' 

I  have  no  reason  to  believe  that  the  hand  stoker  will  ever  be 
adopted  or  used  extensively  in  any  large  power  plant  or  central 
station,  but  believe  that  its  place  belongs  in  the  smaller  units  of 
500  hp.  and  below.  These  stokers  are  now  in  use  under  oil  stills, 
oil-cracking  furnaces  for  the  production  of  gasoline,  and  acid  furnaces, 
and  in  concentration  furnaces,  hot-mill  and  annealing  furnaces. 

HAND-OPERATED  STOKERS 

The  principal  objects  of  this  stoker  are  to  obtain  a  more  uni- 
versal and  complete  combustion,  increasing  the  efficiency  of  the 
boiler,  and  to  reduce  labor,  thus  eliminating  carelessness  on  the 
part  of  the  fireman,  which  is  accomplished  in  doing  away  with  the 
cleaning  of  fires  by  the  old  method,  and  by  the  coking  method  in 
which  the  coal  is  piled  high  in  front  of  the  fire  doors. 

To  facilitate  the  advancing  of  fire,  crushing  of  clinkers  and  the 
maintaining  of  a  continuously  clean  fire,  it  is  necessary  that  the 
stoker  bars  rise  in  alternate  movement  to  a  perpendicular  position, 
thus  crushing  the  clinkers  from  the  width  of  two  stoker  bars  to  the 
width  of  one  (or  from  12  in.  to  6  in.). 

To  prevent  the  loss  of  coal  when  the  stoker  bar  is  in  a  perpen- 
dicular position,  the  bar  should  have  a  circular  shield  or  apron  which 
causes  the  space  between  the  bars  to  remain  constant.  This  shield 
should  be  perfectly  smooth,  without  holes  or  indentations,  to  prevent 
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clinkers  from  catching  or  binding,  thus  allowing  the  bars  to  fall  back 
in  their  original  position. 

Thus  sifting  out  the  ash  from  the  clinkers,  the  stoker  finally 
deposits  approximately  5  to  8  per  cent  of  the  total  ash  in  clinkers  at 
the  bridge  wall  on  the  dump  grate,  where  it  is  dropped  at  regular  in- 
tervals as  required.  If  red  coke  falls  through  the  grate,  it  is  an  indi- 
cation that  the  fireman  must  not  pull  the  levers  more  but  wait  until 
the  ashpit  again  looks  a  little  dark.  This  puUing  of  levers  as  a  rule 
requires  one  pull  of  each  lever  every  half-hour,  and  on  the  average 
coal  of  12  per  cent  ash  the  dump  grate  should  be  dropped  once  in  8 
hr.  After  continuing  this  operation,  it  is  possible  to  run  water-tube 
boilers  up  to  225  per  cent  rating  without  difficulty,  provided  sufficient 
stack  and  correct  flues  are  installed;  at  175  per  cent  rating  it  is  not 
unusual  to  obtain  72  per  cent  combined  efficiency  and  a  continuous 
high  CO2  of  an  average  of  13  per  cent. 

One  of  the  most  interesting  features  of  this  "Jitney''  stoker  is 
the  fact  that  the  first  cost  of  installation  is  very  low  compared  with 
the  saving  over  that  of  hand-fired  flat  or  shaking  grates. 

Robert  H.  Kuss  contributed  the  data  given  in  Table  13  on  the 
types  of  plants  and  quaUties  of  coal  for  which  stokers  of  different 
types  are  adapted. 

TABLE  13    COALS  AND  PLANTS  TO  WHICH  VARIOUS  STOKERS  ARE  ADAPTED 


Type  of  Stoker 


Traveling  grate. 

I'nderfeed,  Jones 

Combufltion  Engrg.  Corp-i  Type  £.. 

Single  incline 

Double  incline 

Inclined  underfeed 


Mini- 

Mini- 

mum 

mum 

Maximum 

Beet  Coal 

Die  of 

plant, 

siMof 

Unfit  Goal 

unit. 

hp. 

unit,  hp. 

hp. 

800 

200 

000 

HighTolatile 

Ookiag  aad  loww 

Mh 

150 

300 

800 

Medium  TobitUe 

HiclMtfh.      law 

flMiBCMh 

160 

300 

250 

Medium  volatile 

HlglMeh,  km. 
fiirfBgeeh 

200 

000 

400 

High  find  ev- 
bon 

Lofir-foilnK  Mh 

200       400 

350 

Medium  volatUe 

Low4iHii«aah 

500 

2000 

Any  larger 
■iae 

High  find  oai^ 
bon 

l4m4m^ta^wA 

P.  W.  Thomas.  The  stoker  is  restricted  to  a  coal  containing  an 
ash  which  it  will  scavenge  cleanly  and  without  injury  to  its  own  metal. 
This  brings  a  sharp  division  in  the  present  types  of  stokers.  Where 
the  coal  fluxes  its  ash  at  furnace  temperature,  a  chain  grate  will 
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invariably  give  the  highest  operating  efficiency.  Where  the  ash 
content  is  under  5  per  cent  or  where  it  will  not  flux  at  a  temperature 
above  2600  d^.  fahr.,  odier  types  of  stokers  will  give  the  same 
efficiency  if  properly  handled. 

The  limiting  factor  in  the  use  of  the  stoker  in  small  plants  is  the 
cost  of  labor. 

There  is  no  type  of  fuel  in  the  United  States.  Each  field  and  each 
coal-producing  district  has  absolutely  individual  fuel.  The  only 
comparison  by  analysis  of  the  various  fuels  must  be  that  analsrsis 
which  shows,  in  addition  to  the  usual  proximate  analysis,  the  quan- 
titative analysis  of  the  ash  and  its  fluxing  temperature.  .  Given 
these  figures,  it  is  a  matter  of  simple  calculation  to  know  which  of  the 
many  stokers  will  perform  so  as -to  supply  the  greatest  percentage 
of  heat  to  the  boiler. 

By  the  above  let  me  explain  that  two  bituminous  coals  showing 
the  same  proximate  analysis  may  have  entirely  different  ash  contents, 
entirely  different  coking  properties  and  attendantly  different  com- 
bustion rates.  They  both  require  the  same  quantity  of  air  in  the 
consumption  of  a  poimd  of  coal,  but  no  device  will  cause  one  coal  to 
unite  with  its  given  quantity  of  air  in  a  shorter  interval  of  time 
than  its  nature  allows.  The  flexibility  of  a  stoker,  .then,  depends  on 
how  many  poimds  of  coal  can  be  supplied  with  the  proper  amount  of 
air  at  one  and  the  same  time.  Two  methods  are  open:  to  increase 
the  grate  surface,  or  thicken  the  fire  and  apply  the  forced  draft. 
In  the  latter  case  it  is  again  necessary  to  figure  the  fluxing  temperature 
of  the  ash  in  incandescent  coke.        ' 

Walter  E.  Bryan.  It  has  been  common  practice  with  Illi- 
nois fuel,  where  mechanical  stokers  are  desired,  to  use  chain  grates. 
These  give  very  satisfactory  results,  except  that  they  cannot  be 
forced  to  any  great  extent.  Underfeed  stokers  should  have  a  little 
larger  size  of  coal,  and  also  coal  freer  from  impurities  than  that  re- 
quired for  the  chain  grates.  Stokers  of  the  Westinghouse  type 
have  recently  been  used  in  this  district  on  bituminous  screenings  with 
great  success. 

B.  J.  Denman.  The  chain-grate  stoker  is  best  adapted  to  coals 
containing  25  per  cent  or  more  of  ash,  due  to  the  facility  with  which 
it  disposes  of  the  refuse.  This  is  one  of  its  chief  advantages,  and  in 
addition  to  this  it  is  one  of  the  cheapest  stokers  available,  and  im- 
doubtedly  has  the  lowest  cost  of  maintenance.    From  the  operating 
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standpoint  the  chief  objections  to  the  chain-grate  stoker  are  its 
lack  of  responsiveness  and  the  fact  that  its  point  of  best  efficiency  is 
rather  sharply  marked,  dropping  off  somewhat  rapidly  at  overloads 
and  very  rapidly  at  light  loads.  With  proper  care,  good  efficiencies 
can  be  maintained  within  a  reasonable  range  of  capacity,  the  low 
percentage  of  CO2  which  is  obtained  in  most  plants  being  unneces- 
sary. The  chain-grate  stoker  is  practically  smokeless.  To  secure 
the  best  results  it  should  be  set  with  flat  coking  and  boiler  arches  of 
an  inclination  and  length  to  best  suit  the  fuel  burned.  The  stoker 
is  suitable  for  non-coking  coals  only.  With  coking  coals  it  is  impos- 
sible to  get  reasonable  capacity,  and  the  ash  is  practically  pure  coke. 
Chain  grates  which  have  been  designed  to  bum  coking  coals  have 
not  been  found  to  be  successful. 

The  inclined  overfeed  type  of  stoker  has  the  advairtage  of  reason- 
ably low  cost  but  the  disadvantage  of  high  maintenance.  Most 
stokers  of  this  type  require  frequent  poking  of  the  fires,  which  pro- 
duces considerable  smoke.  These  stokers  are  not  suitable  for  coals 
containing  over  15  per  cent  of  ash.  They  have  a  limited  range  of 
capacity,  but  are  quite  responsive  to  change  in  loads. 

The  incUned  underfeed  t3rpe  of  stoker  has  the  greatest  range  of 
capacity,  the  best  efficiency  of  any  stoker  available,  and  the  ad- 
ditional advantage  that  it  is  the  most  responsive  to  changes  in  load. 
Boilers  can  be  raised  from  banked  fire  to  steaming  at  the  rate  of  200 
per  cent  in  less  than  five  minutes.  This  type  of  stoker  has  an  un- 
usually flat  efficiency  curve,  with  a  high  efficiency  throu^out  the 
range,  and  with  most  arrangements  of  settings  the  highest  efficiency 
is  at  light  loads.  This  applies  particularly  to  coal  averaging  about 
14,000  B.t.u.  and  from  6  to  8  per  cent  ash.  This  enables  a  plant 
having  evening  peaks  to  eliminate  the  carrying  of  banked  fires  to 
meet  the  peak  load,  as  it  is  possible  to  install  sufficient  stoker  capacity 
to  secure  a  boiler  rating  of  300  per  cent. 

The  chief  disadvantage  of  this  type  of  stoker  is  its  high  first 
cost,  but  this  is  offset  by  the  high  capacities  possible,  which  reduce 
the  boiler-room  investment.  It  is,  of  course,  undesirable  to  operate 
the  l>oilers  at  such  high  rating  except  for  short  periods,  and  for  plants 
having  no  short  peaks  it  would  be  uneconomical  to  put  in  sufficient 
stoker  capacity  to  obtain  these  peaks.  It  has  been  my  experience 
that  considerably  higher  combined  boiler  and  furnace  efficiency  can 
be  obtained  with  this  type  of  stoker  than  with  any  other  type,  and 
I  have  made  exteasive  tests  with  chain-grate,  inclined  overfeed,  and 
inclined  underfeed  stokers.    This  stoker  is  suitable  for  coab  having 
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as  high  as  20  per  cent  ash,  but  with  coals  running  this  high  in  ash, 
and  with  heating  value  as  low  as  10,000  B.t.u.  per  lb.,  it  is  necessary  to 
arrange  dumping  sections  of  about  twice  the  length  normally  provided 
and  to  increase  the  height  of  the  stoker  sufficiently  beyond  the  amount 
usually  required,  if  very  high  rating  is  desired.  We  are  carrying 
loads  as  hi^  as  300  per  cent  rating  with  Illinois  coal  averaging  about 
10,500  B.t.u.,  with  15  per  cent  ash.  The  maintenance  of  this  type 
of  stoker  is  low  as  at  present  designed.  This  stoker  is  suitable  for 
either  coking  or  non-coking  coals. 

I  do  not  believe  the  size  of  the  plant  determines  whether  or  not 
a  stoker  should  be  used.  This  is  more  a  question  of  labor  conditions, 
load  factor  and  funds  available.  We  are  at  present  operating  a 
plant  containing  three  500-hp.  boilers,  hand-fired,  while  in  an  adjoin- 
ing city  of  practically  the  same  size  we  found  it  advantageous  to 
install  stokers.  In  that  same  city  we  are  operating  a  gas  plant 
containing  two  200-hp.  boilers,  only  one  of  which  is  in  use  at  a  time^ 
which  we  have  equipped  with  stokers. 

A.  H.  Blackburn.  For  the  large  electric-power  plants  with 
wide  ranges  of  coal,  and  the  larger  manufacturing  plants  with  boiler 
units  from  500  to  2500  hp.,  the  underfeed  gravity  and  underfeed 
direct-push,  self-cleaning  stokers  are  the  types  of  stokers  best  adap- 
ted, because  they  respond  most  quickly  to  the  var3ring  coals.  They 
will  show  high  efficiency  for  a  range  of  from  80  to  200  per  cent  of 
rating.  They  will  raise  steam  from  no  load  to  200  per  cent  in  a  few 
minutes  and  are  practically  smokeless.  They  will  successfully  bum 
Pennsylvania,  Maryland,  Virginia,  Ohio,  Kentucky  and  Michigan 
coals. 

The  chain  grates  show  best  results  when  working  at  a  steady 
load.  They  are  adapted  to  free-burning  coal  high  in  volatile  such 
as  the  coals  mined  in  the  Middle  West;  they  are  not  so  suitable  for 
the  coking  coals  having  high  fixed  carbon. 

The  overfeed,  inclined-grate  and  the  side-feed  stokers  are  adapted 
to  boilers  from  150  to  300  hp.,  and  obtain  their  best  economy  when 
working  from  80  to  100  per  cent  of  rating  and  are  riot  suited  to  heavy 
overloads. 

The  underfeed  stokers  and  the  combination  of  underfeed  and  over- 
feed stokers  are  suitable  for  boilers  from  150  to  500  hp.  and  show 
excellent  efficiencies  at  ratings  from  80  to  150  per  cent  and  can  be 
worked  up  to  loads  of  200  per  cent.  The  advantages  of  these  stokers 
are  the  rapidity  with  which  they  will  take  care  of  sudden  variations 
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in  load,  the  average  good  efficiencies  obtained,  and  the  comparatively 
low  cost  of  repairs.  They  will  successfully  bum  coals  from  Illinois, 
Kentucky,  Ohio,  Pennsylvania,  Maryland,  West  Virginia,  Iowa  and 
Michigan.  For  internally  fired  Scotch  marine  boilers  and  internally 
fired  vertical  boilers  of  the  Manning  type  the  underfeed  stoker  has 
been  successfully  appUed,  showing  results  of  10  per  cent  saving  over 
hand  firing. 

For  the  fair  grades  of  Ugnite  coals  of  the  West  the  imderfeed 
stoker  is  being  used  with  considerable  success,  especially  when  the 
fuel  comes  directly  from  the  mine  and  before  it  dries  out,  by  running 
Ught  fires  and  rapid  combustion. 

As  to  the  limiting  factor  in  the  use  of  mechanical  stokers  in  small 
plants:  Stokers  can  be  applied  with  good  results  to  boilers  as  low  as 
100  hp.,  especially  when  there  is  only  one  man  employed  to  look.after 
the  boiler,  engine  and  other  apparatus  about  the  plant,  as  hoppers 
can  be  put  on  that  will  hold  an  hour's  supply  of  coal,  or  more;  the 
automatic  regulation  will  take  care  of  the  steam  or  combustion  rate 
while  the  attendant  is  looking  after  other  work. 

WILL  SUCCESSFULLY  BX7BN  GBEEN  LIGNITE 

Stokers  have  too  often  been  applied  under  unsuitable  conditions. 
Proper  consideration  has  not  been  given  to  combustion  space,  the 
size  of  the  unit  and  the  particular  design  of  the  boiler  to  which  the 
stoker  has  to  be  applied.  The  time  has  come  when  the  first  consider- 
ation must  be  given  to  proper  design  of  combustion  area  to  the  par- 
ticular quaUty  of  coal  to  be  burned,  and  to  the  installation  of  boiler 
and  stoker  designs  best  suited  to  this  condition. 

Wm.  M.  Park.  Most  of  my  experience  with  stokers  has  been 
with  the  chain  grate,  but  I  have  carefully  observed  the  oper- 
ation of  underfeed  stokers  for  periods  of  two  to  three  months  at  a 
time  in  several  different  plants  and  with  a  variety  of  coab.  The 
efforts  of  underfeed  designers  recently  have  been  concentrated  on 
means  of  securing  continuous  ash  discharge,  which  is  an  inherent 
feature  of  the  chain  grate  and  not  recognized  by  the  earlier  designers. 
The  effort  along  this  line  has  met  with  fair  degree  of  success  in  burning 
low-ash  coals  having  high-fusing-temperature  ash. 

Conclusions  based  on  what  I  have  seen  limit  the  underfeed  stoker 
to  the  burning  of  coals  containing  not  over  15  per  cent,  and  pre- 
ferably not  to  exceed  10  per  cent,  ash.  It  is  also  desirable  that  the 
ash  shall  not  fuse  at  a  temperature  below  2200  deg.    It  is  only 
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east  of  the  Ohio-Pennsylvania  state  line  that  such  ooals  are  obtained 
in  abundance  for  power-plant  purposes  without  special  treatment. 
West  of  that  line  the  purchaser  of  underfeed  stokers  should  be  pre- 
pared to  purchase  only  high  grades  and  consequently  higher-priced 
coalsy  usually  held  for  domestic  and  locomotive  uses.  In  some  dis- 
tricts washed  coals  of  suitable  grade  are  available,  but  the  amount  is 
limited  and  the  price  generally  higher  than  crushed  run  of  mine 
from  the  same  source. 

While  the  above  conclusions  indicate  my  preference  for  stokers 
that  can  employ  relatively  thin  fires  and  an  unagitated  fuel  bed  for 
high-ash  coals,  I  do  not  feel  that  they  are  unadapted  to  burning  low- 
ash  fuels.  As  many  of  the  low-ash  coals  have  a  tendency  to  coke,  it 
is  desirable  that  the  stoker  have  provision  for  agitation  during  the 
early  stage  of  combustion  where  tibe  coke^orming  hydrocarbons  are 

TABLE  14    RELATIVE  GAPACirY  AND  EFEIdENCT  OF  8SS-HP.  SmBLINQ 

BOILER  WrrH  CHAIN  GRATE 


Per  Cent  of  Boiler  R»tinc  Developed 

Combined  Effieienoy  of  Bmler,  Fumaee  and 
GzBte,  Per  Cnt 

80 

77.9 

100 

'77.4 

120 

76.4 

140 

75.3 

160 

73.8 

180 

72.0 

200 

60.7 

220 

67.0 

being  distilled.  After  this  stage  it  is  desirable  that  the  fuel  bed  be 
imdisturbed  so  that  a  layer  of  ash  can  form  protection  to  the  metal 
parts  of  the  grate  surface. 

That  the  chain  grate  can  meet  these  specifications  satisfactorily 
and  with  good  results  and  reasonable  maintenance  cost  is  indicated 
by  the  number  of  successful  installations  of  coking-coal  chain  grates 
now  in  operation  in  those  districts  which  receive  the  coals  of  Western 
Pennsylvania,  West  Virginia  and  Ohio.  Table  14  gives  figures  on 
the  capacity  and  efficiency  obtained  in  tests  on  one  of  twenty  large 
units  installed  at  a  large  power  plant  in  western  Pennsylvania.  The 
boiler  is  an  822-hp.  Stirling  with  a  chain  grate  of  168  sq.  ft.  area  and 
designed  to  meet  the  above  specifications.  This  plant  ordinarily 
operates  with  natural  draft,  though  provision  is  made  for  forced 
draft  to  handle  peak  loads.  The  forced-draft  fans  are  driven  by 
steam  turbines  and  the  total  steam  used  by  the  fans  and  stokers 
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amounts  to  only  0.4  per  cent  of  the  steam  generated  when  operating 
at  rated  capacity. 

The  boilers  are  readily  operated  up  to  160  per  cent  rating  on 
natural  draft  provided  by  a  stack  no  higher  than  would  be  required 
to  remove  the  gases  without  nuisance  were  the  plant  equipped  with 
underfeed  stokers.  As  forced  draft  is  used  only  at  time  of  peak  load, 
the  power  consumption  of  fans  becomes  negligible  when  compared 
with  the  average  output  of  the  boilers.  Therefore  Table  14  repre- 
sents practically  net  efficiencies  at  various  ratings  and  this  point 
should  be  borne  in  mind  when  comparing  its  figures  with  any  tests 
of  stokers  that  use  forced  draft  continuously.  The  generating  unit 
which  operates  at  the  highest  ''combined  efficiency  of  boiler,  furnace 
and  grate''  is  not  always  the  imit  which  produces  steam  at  the 
lowest  unit  cost,  as  the  steam  consumption  of  draft  equipment  may 
reduce  the  net  efficiency  to  a  figiu-e  three  or  four  per  cent  below  the 
test-code  item  of  combined  efficiency. 

8    Wtiat  Experience  Have  You  Had  in  the  Use  of  Wood  as  Fudt 
To  What  Extent  Is  Wood  Available  as  a  Fudt 

Robert  H.  Kuss.  The  writer's  experience  includes  the  burning 
of  wood  refuse  coming  from  kiln-dried  manufacturing  operations  of 
both  hard  and  soft  wood  and  ''hog  stuff"  produced  at  logging  mills 
in  northern  Minnesota.  Kiln-dried  wood  refuse  when  burned  alone 
constitutes  no  particularly  difficult  problem.  If  a  sizable  proportion 
is  sawdust  or  planer  shavings,  this  material  must  be  burned  in  a 
complete  firebrick  furnace,  the  fuel  being  introduced  by  gravity,  and 
most  of  it  being  burned  in  suspension  with  very  little  air  frOm  the 
ashpit. 

Where  coal  and  wood  refuse  are  burned  together,  difficulty  is 
encountered  if  the  major  portion  of  the  fuel  is  sawdust.  Planer 
shavings  in  large  quantities  set  up  extremely  difficult  conditions. 
In  any  event,  the  combination  of  fuels  must  be  burned  in  a  complete 
firebrick  furnace,  so  that  the  sawdust  portion  may  be  burned  in 
suspension. 

When  "hog  stuff"  is  produced  from  bark,  edgings,  etc.  (as  is  the 
case  in  lumber-producing  mills),  it  is  best  burned  in  a  complete  fire- 
brick furnace  where  the  fuel  is  introduced  so  as  to  form  cone  heaps 
over  the  grate  surface,  very  little  air  being  introduced  by  way  of  the 
ashpit,  and  the  fire  being  most  brisk  at  the  grate  surface  around  the 
edges  of  the  cones. 
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Albert  A.  Cabt.  I  have  had  to  handle  wood  as  a  fuel  under  a 
wide  variety  of  conditions  which  have  called  for  different  construc- 
tions in  furnaces,  as  wood  from  a  lumber  camp,  where  undesirable 
tree  trunks,  boughs  and  branches  were  burned;  in  saw  mills  where  the 
fuel  was  slabs,  edgings  and  sawdust;  in  wood-pulp  mills  where  the 
wood  refuse  was  burned;  in  woodworking  establishments  where  the 
fuel  was  the  refuse  from  the  saws,  planers  and  other  woodworking 
tools. 

It  must  be  remembered  that  fully  one-half  the  weig)it  of  the 
wood  is  found  in  the  volatile  gases  passing  off  during  the  process  of 
combustion.  With  properly  designed  furnaces,  the  greater  part  of 
the  air  required  for  the  combustion  of  these  gases  can  be  made  to 
pass  through  the  grates  and  fuel  bed,  where  they  become  warmed  to 
such  an  extent  that  they  will  not  suppress  the  combustion  of  the 
gaseous  portion  of  the  fuel  in  the  combustion  chamber.  An  ample 
and  well-designed  combustion  chamber  is  also  essential  to  obtain 
efficient  results. 

Two  objections  conunonly  offered  to  the  use  of  wood  fuel  are  the 
production  of  objectionable  smoke  and  danger  from  fire  due  to 
burning  firebrands  ejected  from  the  chinmey.  With  a  properly 
designed  and  operated  wood-burning  furnace,  howeva*,  the  smoke 
nuisance  can  be  so  reduced  as  hardly  to  constitute  a  nuisance,  and 
I  have  found  no  difficulty  in  stopping  the  trouble  from  sparks  and 
hot  cinders  by  using  cinder  screens  enclosing  the  top  of  the  chimney. 

HEATING   VALUE   OF  WOOD   FUEL 

In  the  boiler-test  code  of  the  Society  we  have  been  instructed  to 
r^^gard  1  lb.  of  wood  as  equivalent  to  0.4  lb.  of  coal;  or,  in  other  words, 
2§  lb.  of  wood  are  equivalent  to  1  lb.  of  coal. 

The  value  of  dry  wood  used  as  a  fuel  may  be  slightly  greater  or 
oonsiderably  less  than  this  equivalent  of  bituminous  coal,  according  to 
tilie  design  of  the  furnace  used  and  the  manner  in  which  the  fire  bed 
^nd  its  air  supply  are  handled.  The  percentage  of  moisture  carried 
ixiaterially  affects  the  heating  value  of  wood  fuel,  and  therefore  it  is 
Uaost  desirable  to  have  the  wood  as  dry  as  possible. 

Wet  fuel,  however,  must  often  be  used,  and  I  have  burned  pulp- 

'^ood  chips  or  shavings  ihinning  as  high  as  30  to  40  per  cent  in  moisture. 

Such  very  wet  wood  fuel  must  be  burned  in  a  reverberatory  furnace 

with  a  heavy  bed  of  burning  fuel  maintained,  to  dry  the  moist  wood 

rapidly  as  it  is  fed  continuously  into  the  furnace. 

Newly  cut  wood  contains  a  large  percentage  of  moisture,  which 
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varies  in  the  different  varieties  of  wood,  but  from  one-third  to  one- 
half  of  this  moisture  will  disappear  if  the  wood  is  air-dried  from 
six  to  twelve  months. 

EXAMPLES  OF  SUCCESSFUL  WOOD-BURNING  FURNACES 

In  burning  forest  wood  such  as  trunks,  boughs  and  branches,  I 
have  found  that  much  better  results  could  be  obtained  with  a  wide 
furnace  than  with  a  long,  narrow  furnace  in  which  wood  is  charged 
lengthwise  through  a  front  opening.  With  the  long  furnace  it  is 
difficult  to  maintain  a  good  level  fuel  bed  and  have  the  grates  evenly 
covered.  I  have  obtained  the  best  results  for  such  fuel  with  a  fur- 
nace about  5  ft.  wide  and  7  ft.  deep.  This  had  a  charging  door, 
running  across  the  width  of  the  furnace  and  about  12  in.  high,  which 
lifted  vertically  above  the  dead  plate  along  the  outer  face  of  the  front 
wall,  being  counterweighted  and  properly  balanced;  this  door  was 
perforated  with  a  number  of  i-in.  holes  to  admit  and  evenly  dis- 
tribute small  streams  of  air  over  the  fire  bed. 

The  cut  lumber  was  piled  in  front  of  the  door  so  that  it  lay  length- 
wise, running  from  one  side  wall  to  the  other.  When  the  door  was 
lifted  the  lumber,  thus  arranged,  was  pushed  over  the  dead  plate  on 
to  a  grid  of  sloping  grate  bars  dropping  downward  at  an  angje  of 
about  30  deg.  At  the  lower  end  of  these  sloping  grates  and  about 
18  in.  from  the  bridge  wall,  I  arranged  another  grid  of  sloping  bars, 
dropping  down  from  the  bridge  wall  at  an  angle  of  45  deg.,  thus 
forming  a  Ynshaped  grate  surface  having  a  long  and  short  leg. 

With  this  arrangement  the  lumber  was  rolled  or  shoved  down  the 
bars  from  the  dead  plate  in  such  a  manner  as  to  maintain  a  fairly 
thick  and  more  or  less  compact  fire  bed  over  the  lowest  position 
formed  by  these  sloping  grates,  and  very  little  difficulty  was  found 
in  keeping  the  upper  end  of  the  grates  (nearest  to  the  door)  covered 
with  fuel.  The  charging  door  was  kept  open  for  the  shortest  possible 
time. 

I  designed  and  installed  some  very  successful  fumaoeSi  built  on 
the  same  general  hues,  for  a  large  manufacturer  of  wooden  cars,  near 
Buffalo.  The  grates  (under  water-tube  boilers)  were  placed  a  short 
distance  above  the  fioor  level,  thus  obtaining  a  very  high  combustion 
chamber.  An  ashpit  was  excavated  about  24  in.  below  the  fkx>r 
level  with  a  trench  along  the  outer  face  of  the  boiler  fronts  throu^ 
which  air  entered.  This  trench  was  covered  with  removable  plates 
in  front  of  each  of  the  large  Ufting  charging  doors  to  permit  easy 
cleaning  of  the*ashpits. 
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The  refuse  from  the  woodworking  shops  was  delivered  to  the 
boiler  room  through  chutes  and  consisted  of  large  and  small  pieces, 
chips,  shavings  and  sawdust.  The  fireman  piled  the  refuse  in  front  of 
the  upwardnsliding  doors,  which  were  balanced  in  order  to  operate 
easily.  When  the  doors  were  opened  the  fuel  was  shoved  in  quickly 
upon  the  large  flat  grate  surface  and  the  doors  immediately  closed. 
Two  boilers,  of  about  200  hp.  each,  were  operated  in  this  manner 
most  successfully. 

In  another  woodworking  shop  in  the  West,  manufacturing  fur- 
niture, I  supervised  the  installation  of  another  form  of  wood-burn- 
ing furnace  placed  under  water-tube  boilers. 

Here  the  boilers  were  set  very  hi^  above  the  grate  surface  and 
the  wood  refuse  was  continuously  spouted  down  tube-like  pipes, 
shooting  into  the  furnace  directly  through  the  boiler  fronts  and 
landing  upon  the  fuel  bed  below.  A  supplementary  fire  of  coal  was 
maintained  upon  the  grates,  and  thus  tiie  plant  obtained  an  ample 
supply  of  steam. 

I  do  not  know  who  was  the  designer  of  this  system,  but  I  protested 
against  its  installation  on  account  of  danger  from  fire  running  back 
along  the  wood-conveying  spouts.  About  two  years  afterwards  this 
plant  burned  and  there  was  some  question  raised  as  to  whether  or  not 
the  cause  was  due  to  this  sjrstem  of  feeding  wood  refuse  to  the  furnace. 

I  have  designed  and  supervised  the  installation  of  several  different 
forms  of  extension  furnaces  for  burning  wood  refuse,  which  have 
given  satisfaction.  Some  of  these  have  their  fuel  charged  through 
top  openings  in  the  covering  arch,  above  the  grate  bars.  The  prin- 
cipal defect  in  this  type  of  furnace  is  the  pyramiding  of  the  fuel  on 
the  grates  directly  below  the  stoke  holes.  This  can  be  overcome  to 
a  large  extent  by  building  up  a  grate  construction  xmder  the  stoke 
holes,  shaped  like  a  pyramid.  This  insured  a  good  penetration  of  air 
throughout  the  entire  fuel  bed  and  did  away  largely  with  the  poking 
necessary  to  free  up  the  other  form  of  fuel  bed. 

GRATELESS   FURNACE  FOR  WOOD   BURNING 

One  of  the  most  successful  forms  of  wood-burning  furnaces  for 
woodworking  shops  that  I  have  installed  is  a  grateless  fmnace  similar 
in  its  general  form  to  the  well-known  beehive  type  of  coke  oven. 
It  is  circular  in  shape,  with  a  seminspherical,  dome-like  cover  over  the 
top.  I  owe  my  first  conception  of  this  type  of  furnace  to  my  friend, 
the  late  F.  W.  Edwards,  of  the  Standard  Oil  Company,  who  was 
deeply  interested  in  the  study  of  furnace  equipments. 
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25  per  cent  would  mean  a  saving  of  20,000,000  tons  in  residence- 
heating  work,  to  which  could  undoubtedly  be  added  a  goodly  percent- 
age of  coal  now  used  for  domestic  cooking  and  hot-water  service,  by 
increased  economy  in  its  use  and  by  a  more  extensive  substitution  of 
other  fuels  for  cooking. 

The  practical  possible  saving  on  all  domestic  uses  of  coal  would, 
therefore,  appear  to  Ue  somewhere  between  20  and  30  million  tons. 
It  is  important  to  note  that  in  this  25  per  cent  saving  only  10  per 
cent  is  figured  as  secured  from  "economy  of  operation,"  the  remain- 
der being  mainly  by  elimination  and  lower  maintained  temperatures. 

Having  visualized  the  first  two  phases  of  the  subject  in  question, 
we  come  to  the  third  phase,  viz.,  the  method  of  procedure  that  will 
bring  about  the  ^(fttest  conservation.  This  phase  is  only  indirectly 
covered  by  the  on^al  subject  but  is  the  vital  factor  which  governs 
the  proportion  of  the  possible  economies  that  can  be  effected. 

An  active  educational  program  with  punch  and  compulsion  in  it, 
as  well  as  an  appeal  to  patriotism,  is  required,  and  such  a  program 
must  necessarily  be  based  upon  a  plan  of  regulation  and  limitation 
of  coal  supply  calculated  upon  quantities  requiring  economy.  Only 
by  such  means  can  the  average  householder  be  aroused  and  impressed 
with  the  fact  that  if  he  does  not  study  and  apply  the  conservation 
rules,  his  negligence  will  react  upon  the  comfort  of  his  own  family. 
He  will  run  short  of  coal,  while  his  neighbor  who  has  observed  the 
rules  will  have  sufficient  for  his  needs. 

Information  accumulated  leads  to  the  statement  that  a  suflSciently 
consistent  plan  of  apportioning  coal  for  residence  heating,  cooking 
and  hot-water  service  by  regulation  and  limitation,  can  be  secured 
to  make  the  enforcement  practical. 

SAVING   COAL   IN    HOT-AIR  FURNACES 

C.  R.  Mueller.^  In  a  residence  of  six  rooms  an  estimated 
saving  of  30  per  cent  of  the  coal  was  made  last  winter  without  any 
radical  changes  in  the  heating  system.  The  installation  consisted  of 
an  ordinary  hot-air  furnace  using  recirculated  air.  The  means  by 
which  this  saving  was  effected  may  be  applied  to  practically  all  types 
of  hot-air  furnaces,  to  obtain  as  good  and  even  better  results. 

One  way  of  saving  coal  was  to  employ  the  alternate  method  of 
firing  for  the  various  poor  grades  of  bituminous  coal  available.  In- 
stead of  being  spread  over  the  whole  surface,  fresh  charges  of  coal 
were  thrown  on  one  side  of  the  fire  only.    The  red  coals  left  exposed 

*  Detroit,  Mich. 
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on  the  other  side  ignited  the  gases  distilled  from  the  green  coal, 
thereby  saving  the  heat  which  ordinarily  would  have  been  wasted  up 
the  stack,  in  the  form  of  imbumed  gas.  Smoking'  was  reduced  and 
the  usual  explosion,  which  occurred  just  after  firing,  was  prevented. 

The  fuel  saving  was  further  increased  by  lowering  the  room  tem- 
perature below  that  required  for  comfort  in  ordinary  residences.  In 
residences  where  the  humidity  averages  20  per  cent  or  less,  during 
the  heating  season  it  is  not  comfortable  unless  the  room  temperature 
is  at  least  74  deg.  By  maintaining  a  relative  humidity  of  40  per 
cent  a  temperature  of  68  deg.  was  found  comfortable.  In  order  to 
obtain  this  high  humidity  it  was  necessary  to  substitute  for  the  regular 
water  container  pans  with  twice  the  evaporatiag  surface,  and  set 
them  close  to  the  firepot.  The  pans  were  keplBp  by  means  of  a 
float  valve  connected  to  the  city  water  service.  Smce  the  amount  of 
water  evaporated  was  comparatively  small,  the  coal  consumed  in 
this  way  was  neglected  in  the  following  example. 

The  calculation  of  the  saving  which  resulted  by  operating  at  the 
lower  temperature  is  based  on  the  fact  that  the  heat  loss  of  a  house  is 
directly  proportional  to  the  difference  in  temperature  between  the  in- 
side and  outside  air.  For  the  city  of  Detroit  the  average  outdoor 
temperature  during  the  heating  season  is  37  deg.  The  difference 
between  the  inside  and  outside  temperatures  is  31  deg.  for  a  house  at 
68  d^.,  and  37  deg.  for  one  at  74  deg.  The  saving,  then,  by  the 
comfortable  house  with  40  per  cent  humidity  over  the  comfortable 
house  with  20  per  cent  humidity  is  (37  deg.  —  31  deg.)/37  deg.  or 
16  per  cent. 

In  addition  to  this  economy  there  is,  due  to  the  increased  hiunidity, 
a  diminished  susceptibility  to  colds  and  other  pleural  ailments. 

Recirculating  the  air  in  a  residence  instead  of  drawing  fresh  air 
from  outdoors  results  in  a  saving  of  coal,  since  less  heat  is  expended 
in  warming  the  inside  air  through  the  smaller  temperature  range. 
In  regard  to  the  healthfulness  of  recirculation,  it  can  be  no  more 
objected  to  than  in  the  case  of  steam-heated  dwellings,  which  have 
no  particular  fresh-air  inlet.  Moreover,  the  air  which  leaks  out  of 
the  cracks  aroimd  the  doors  and  windows  is  generally  sufficient  to 
supply  many  times  more  than  the  amount  required  for  breathing. 

The  sluggish  circulation  encountered  in  the  large  majority  of 
houses  due  to  the  poorly  designed  air  ducts,  results  in  a  high  stack 
temperature  with  its  consequent  waste  of  heat.  A  vigorous  flow  of 
air  around  the  firepot  and  gas  passages  is  necessary  to  take  away  this 
heat  and  carry  it  to  the  rooms  above.    Good  combustion  being 
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maintained,  the  greatest  saving  of  heat  occurs  when  the  stack  tem- 
perature is  reduced  to  the  minimuni  required  for  draft.  The  writer 
made  his  largest  saving  during  the  past  winter  by  using  a  12-iii. 
electric  desk  fan  in  the  recirculating  duct  leading  to  the  furnace.  The 
fan  was  operated  about  fourteen  hours  daily,  forcing  twice  as  much 
air  through  the  furnace  as  would  have  flowed  naturally. 

Several  tests  were  made  under  various  conditions,  in  all  of  which 
the  superiority  of  forced  circulation  was  obvious.  In  two  consecutive 
24-hr.  tests,  run  to  determine  the  economy  of  forced  circulation,  the 
results  in  Table  15  were  obtaii^ed. 

Reducing  the  coal  consumption  for  the  conditions  of  the  first 
test  to  those  of  the  second  based  on  the  ratio  of  temperature  dififer- 
ence,  we  have  106.5  X  (60/47)  =  136  lb.    The  coal  saving  was  then 

TABLE  15    TESTS  OF  HOT-AIR  FURNACES 


'■R  No.  1  Tmt  No.  2 


Kind  of  Circulation 


Natural 


I 


Duration,  hours 24  24* 

diflference,  inside  and  out-   I 
Average  temperatures,  deg.  fahr.  '     side 47 

stack 

Total  lb.  coal  fired 


300 

lOe.6  78 


>  The  fan  was  run  only  17  hr.  of  the  24  hr.  of  the  test. 

136  —  78  =  58  lb.,  which,  at  i  cent  per  lb.,  amounts  to  29  cents. 
The  cost  of  fan  current  at  about  J  cent  per  hour,  or  4  cents  for 
the  test,  makes  the  net  daily  saving  25  cents.  The  saving  of  coal 
expressed  as  a  percentage  was  100  (136  —  78)/136  —  42.6  per 
cent. 

The  few  published  results  available  on  the  performanoes  of 
hot-air  finmaccs  with  forced  circulation  seem  to  agree  to  the  extent 
that  the  efficiency  is  increased  from  5  to  50  per  cent  by  the  use  of  a  fan. 

The  means  of  saving  coal  in  hot-air  furnaces  may  be  summariied 
thus: 

a  Alternate  method  of  firing 

b  Maintenance  of  a  room  temperature  of  68  deg.  with  hu- 
midity of  40  per  cent 
c  Recirculation  of  air 
d  Reduction  of  stack  temperature  by  forced  circulation. 
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Philip  J.  Savage.^  Probably  the  best  method  of  recommending 
possible  economies  in  residence  heating  is  to  smnmarize  briefly 
some  observations  and  experiences  extending  over  a  period  of  six 
years  and  made  in  connection  with  the  operation  of  a  warm-air 
generator  of  well-known  make,  installed  in  a  ten-room  solid-brick 
residence  with  average  general  exposure.  Anthracite  fuel  was  used 
exclusively. 

Coal  in  each  of  the  following  forms  has  been  given  a  full  heating 
season's  trial:  egg  size  alone,  egg  and  stove  size  mixed  in  equal  por- 
tions, and  stove  size  alone.  Experience  indicates  that  the  stove 
size  or  smaller  coal  produces  a  more  compact  fire  bed,  and  has  the 
advantage  of  uniformity  of  burning  rate,  causing  less  loss  in  the  ashes. 
There  was  no  appreciable  loss  of  imbumed  coal  throu^  the  grates 
with  the  stove  size  and,  in  a  furnace  of  proper  size,  it  produces  flexi- 
bility and  burning  speed  sufficient  for  severe  weather.  Incidentally, 
the  cost  per  ton  is  lower  for  the  smaller  size. 

The  proper  method  of  operating  the  grate  shakers  or  revolvers 
should  be  carefully  studied  and  the  furnace  maker's  instructions 
closely  followed.  Great  economies  are  possible  here,  in  the  lack  of 
waste  in  the  ashes.  The  variation  in  practice  with  identical  apparatus 
is  remarkable. 

The  necessity  for  a  check  damper  in  the  smoke  pipe,  for  purposes  of 
economy,  is  obvious.  The  smoke  pipe  and  its  connection  to  the 
chimney  should  be  free  of  air  leaks,  as  the  draft-checking  effect  may 
necessitate  opening,  more  or  less,  the  damper  in  the  direct  draft, 
which  in  most  furnaces  is  designed  to  cause  the  hot  products  of  com- 
bustion to' bypass  this  damper  section  and  flow  through  heat-absorb- 
ing chambers  before  admission,  indirectly,  to  the  smoke  pipe.  In 
the  residence  referred  to,  the  damper  in  the  direct-draft  path  is  left 
in  the  closed  position  at  all  times  of  normal  operation,  except  when 
the  fire  is  being  shaken  down  and  when  coal  is  being  added. 

The  prevention  of  air  leakage  at  fireplace  or  grate  openings  by 
means  of  dampers  or  folding  screens,  at  night  and  at  other  times  when 
the  ventilating  effect  is  not  necessary,  is  also  valuable  as  a  heat  saver. 
Means  should  be  improvised  to  prevent  the  all-night  loss  of  heat 
through  the  open  windows  of  bedrooms  whose  doors  are  left  open, 
for  various  reasons,  to  the  rest  of  the  house.  Stairways  can  often 
be  more  or  less  completely  blocked  —  by  the  use  of  a  suitable  folding 
screen,  for  example.  In  the  residence  in  question,  the  morning  tem- 
perature of  the  downstairs  living  rooms  has  been  raised  from  around 
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60  deg.  to  68  or  70  deg.  by  means  of  a  screen  placed  nightly  on  a 
stairway,  which  effectively  prevents  the  convection  losses. 

Relatively  large  areas  of  window  and  door  exposure  should  be 
checked  up  very  closely,  as  heat  losses  of  great  magnitude  are  oc- 
casioned by  this  means.  The  installation  of  weather  strips  on  one  door, 
and  of  storm  windows  on  four  large  windows  with  severe  exposure, 
in  the  residence  referred  to,  effected  very  marked  improvement. 

The  question  of  humidity  does  not  seem  to  receive  enough  at- 
tention. The  water  pan  in  most  of  the  hot-air  installations,  when 
present  at  all,  is  placed  in  the  cold-air  intake  where  the  moisture 
absorption  is  almost  negUgible;  and  in  installations  of  the  hot-water 
or  steam  systems  provision  is  seldom  made  for  humidifying.  At  a 
nominal  cost  an  efhcient  and  automatic  humidifying  system  can  be 
installed  in  a  hot-air  furnace,  with  water  pan  in  the  dome  above  the 
firepot,  where  the  moisture  absorption  is  naturally  greatest.  Water 
pans,  with  some  sort  of  simple  wick  arrangement  to  assist  evaporation, 
placed  beside  the  hot-air  registers  or  over  steam  or  hot-water  radiators 
are  appreciably  helpful.  In  the  installation  under  observation,  a 
water  pan  in  the  air  dome  of  the  hot-air  furnace  and  three  pans,  each 
with  wick  arrangement/  placed  beside  floor  registers,  have  increased 
the  relative  humidity  during  normal  winter  weather  from  an  aver- 
age of  under  30  per  cent  to  an  average  of  about  45  per  cent.  An 
evaporation  of  over  five  gallons  per  day  was  seciured. 

By  means  of  the  changes  above  enumerated  in  equi^Hnent  and 
method  of  operation  the  coal  consiunption  in  the  residence  referred 
to  has  been  reduced  from  an  established  average  of  16  tons  per 
winter  of  average  severity  to  12  tons.  The  expense  irivolved  for 
the  double  windows,  weather  strips  on  a  door,  a  new  indoor  air  feed 
to  the  furnace  and  the  himiidifying  apparatus  was  $50,  and  it  has 
been  an  exceedingly  profitable  investment,  aside  from  the  added 
comfort  obtained. 

Robert  H.  Kuss.  The  writer  has  found  success  when  using 
bituminous  coal  of  the  non-coking  variety  (Illinois  or  Indiana, 
prepared  sizes)  by  employing  the  following  methods: 

1  Attempt  to  operate  throughout  the  heating  season  with  the 
same  height  of  refuse  and  live-coal  level,  this  being  two  or  three 
inches  above  the  level  of  the  bottom  of  the  charging-door  opening  in 
the  usual  equipment. 

2  Prepare  for  a  new  firing  by  crowding  the  live  ooal  to  the 
place  nearest  the  firepot-chamber  gas  outlet.    If  the  gaaes  rise 
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vertically  over  the  entire  firepot  area,  there  is  no  choice  in  the 
matter. 

3  Charge  the  green  coal  into  the  depression — which  should  ex- 
tend down  to  the  refuse,  thus  permitting  no  contact  with  live  fuel 
except  on  the  surface  nearest  the  placement  of  the  live  coal. 

4  Ululate  adjustments  in  draft  for  the  period  of  a  da3r's  run 
by  means  of  the  check  damper;  regulate  the  maximum  and  mini- 
mum heat  delivery  (depencfing  upon  the  severity  of  the  season) 
by  means  of  the  chimney  damper.  In  other  words,  the  check  dampei* 
is  the  daily^  and  the  chimney  damper  the  seasonal,  draft  appliance. 

5  Admit  very  little  air  over  the  fire. 

6  As  the  demands  for  greater  or  less  heat  delivery  occur,  vary 
the  thickness  of  the  refuse  from  3  in.  for  greatest  requirements  to 
only  a  small  Hve-coal  area  about  6  in.  deep  for  mildest  weather. 

*  7  To  facilitate  refuse  itoioval  from  the  place  of  greatest  accumu- 
lation, disconnect  the  bars  of  the  other  grate  sections  from  the 
shaking  lever. 

8    Shake  grates  very  moderately. 

The  results  obtained,  as  compared  with  usual  practice,  are  as 
follows: 

a  Decidedly  less  combustible  in  the  refuse 

6  Decidedly  less  clinkering 

c  Decidedly  less  soot  formation 

d  More  uniform  heat  delivery 

e  Substantial  economy  increases  in  mild  weather. 

ECONOMICAL  FIRING  OF  HOUSE-HEATING  BOILEBS 

Donald  B.  Prentice.  The  annual  domestic  coal  consump- 
tion of  the  United  States  is  estimated  to  be  1.1  tons  per  capita  of 
total  population,  and  to  be  1.4  tons  per  capita  of  those  living  in 
buildings  heated  by  coal.  These  figures  place  the  annual  consump- 
tion for  heating,  excluding  exhaust-steam  installations,  at  110,000,000 
tons,  including  all  grades  of  coal.  If  the  average  efficiency  secured 
in  boilers,  furnaces  and  stoves  can  be  raised  from  45  to  55  per  cent, 
for  example,  the  same  heating  results  will  be  produced  with  90,000,000 
tons.  This  reduction  of  20,000,000  tons  would  decrease  IShipments 
by  nearly  500,000  carloads,  with  an  additional  saving  of  fuel  on 
the  railroads.  Under  the  present  circumstances,  of  course,  these 
20,000,000  tons  would  be  shipped  as  usual  and  diverted  to  industries 
where  the  need  is  severe,  making  an  important  contribution  to  re- 
lieve the  industrial  shortage. 
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Many  residences  are  equipped  with  hot-water  heating  plants. 
A  disadvantage  of  this  system  is  the  cooUng  of  the  large  body  of 
water  during  the  night,  and  the  consequent  losses  due  to  forced 
combustion  in  the  morning,  when  an  effort  is  made  to  raise  the 
water  temperature  rapidly.  The  greatest  cooling  effect  is  felt  in 
bedrooms,  especially  in  children's  rooms  where  windows  are  often 
open  for  twelve  hours  or  more.  All  hot-water  radiator  valves  when 
closed  permit  enough  circulation  to  prevent  freezing,  which  is  neces- 
sary, but  this  circulation,  unfortunately,  is  enough  to  reduce  the 
temperature  of  the  water  in  the  entire  system.  The  writer  has 
found  that  closing  bedroom  radiator  valves  and  then  carefully 
wrapping  the  radiators  with  blankets  will  keep  the  temperature  of 
the  water  in  the  system  at  least  60  deg.  higher  than  it  will  be  if  the 
radiators  are  exposed  to  window  drafts.  If  the  water  is  at  140  deg. 
instead  of  at  80  deg.  in  the  morning,  fuel  is  saved  and  the  living  * 
rooms  are  more  comfortable. 

On  new  installations  with  sectional  boilers  it  is  possible  to  have 
two  distinct  water  systems,  one  for  the  living-room  floor  and  one  for 
other  floors.  This  arrangement  keeps  the  living-room  circuit  warm 
over  night.  It  involves,  however,  considerably  more  piping  and 
therefore  adds  to  the  cost. 

The  coefficient  of  heat  loss  from  glass  is  four  times  that  for  the 
ordinary  residence  wall.  If  shades  are  drawn  completely  dowii  after 
dark  at  all  windows  on  the  first  floor  and  at  all  windows  except  those 
in  bedrooms  on  other  floors,  and  left  down  until  morning,  very  valu- 
<able  dead-air  spaces  are  added  to  the  glass  areas,  reducing  the  heat 
loss  perhaps  50  per  cent.  This  procedure  also  checks  window  leak- 
age to  some  extent.  Although  Uving-room  shades  are  usually  drawn, 
the  number  of  unshaded  windows  in  most  houses  is  surprising. 
Window  shades  are  important  factors  in  residence  heating  in  another 
respect  —  the  shutting  out  of  sunUght.  Part  of  the  heating  require- 
ments of  a  residence  can  be  met  for  many  hours  on  sunny  days  by 
allowing  the  interior  furnishings  to  absorb  the  radiant  heat  of  the 
sun  to  the  greatest  extent  possible. 

A  means  of  saving  fuel  in  the  furnace  itself,  which  is  not  men- 
tioned as  6ften  as  it  should  be,  is  the  use  of  small  sizes  of  coal.  It 
is  quite  practicable  to  burn  anthracite  as  fine  as  No.  1  buckwheat 
on  the  ordinary  shaking  and  dumping  grate  by  carrying  the  fire  on 
a  bed  of  ashes,  provided  there  is  sufficient  draft,  which  is  usually  true. 
This  small  coal,  although  higher  in  ash,  can  deUver  as  many  heat 
units  per  pound  as  the  larger  sizes  for  three  reasons:    (1)  For  the 
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same  weight  the  ooal  has  greater  surface  on  which  etvbon  oxidatum 
can  take  place,  i^ch  insures  complete  combustion;  (2)  the  air 
pasBCB  through  the  fuel  bed  in  fine  stfeams  and  against  enou^  r&- 
sistance  to  keep  the  excess  oxygen  in  the  flue  gas  at  a  moderate 
amount;  (3)  the  flre  tends  to  spread  over  the  irtiole  grate  quickfy 
and  without  manipulation,  i^ch  eliminates  dead  spots  tad  pre- 
vents air  leaks.  These  statements  are  not  merely  erpresmons  of 
oiuiiioii,  but  conclusions  from  nimierous  tests. 

L.  W.  EooLBBTON.'  The  average  rate  of  combustioii  in  house- 
beating  boilers  is  about  30  per  cent  of  the  rated  capacity  of  the  b(Hler. 
Most  boilers  develop  their  highest  efficiency  at  tiieir  nted  c^iocity. 


Fia.  17    Pbinciplb  a 

hut  to  secure  the  most  economical  results  the  boiler  should  have  its 
greatest  efficiency  at  from  40  to  60  per  cent  of  its  load.  All  boilers 
designed  for  ascending  gas  travel  are  most  efficient  at  high  rates  of 
combustion;  under  low  rates  of  combustion  thero  is  not  sufficient 
volume  of  gases  to  fill  all  of  the  flue  space.  The  gases  pass  to  the 
chimnej'  by  the  shortest  route  without  giving  up  all  of  their  available 
energy. 

The  most  modern  btiiler  construction  is  designed  with  a  revertible 
flue  travel,  forcing  the  gases  from  their  natural  course.  This  feature 
properly  applied  to  a  boiler  leaves  no  short  cut  for  the  gases  to  escape 
to  the  chimney.  The  floating  effect  of  the  gases  while  trying  to 
resist  the  power  of  the  chimney  on  fheir  downward  travel  causes 

'  Manager,  Sales  EDgineering  Dept.,  .American  Radiator  Co.,  Chicago,  D). 
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them  to  press  -against  the  heating  sui  faces  of  the  boiler  and  give  up 
their  available  heat  under  all  rates  of  combustion.  This  principle 
of  construction  is  shown  in  Fig.  17. 

Fig.  18  shows  two  efficiency  curves.  The  lower  curve  shows  the 
efficiency  of  a  boiler  with  ascending  gas  travel.  Its  highest  efficiency 
is  at  catalog  rating.  The  upper  curve  indicates  the  efficiency  of  the 
revertible  flue  boiler,  its  greatest  efficiency  occurring  at  50  per  cent  of 
catalog  rating. 

An  important  step  in  connection  with  a  steam  boiler  is  to  free  the 
system  from  oil  and  grease.  Oily  substances  on  the  surface  of  tiie 
water  in  the  boiler  offer  resistance  to  the  generation  of  steam,  produo* 
ing  an  unsteady  water  line  in  the  boiler  and  resulting  in  a  wet* 


steam  supply  to  the  heating  system.  It  has  been  frequently  d 
strated  that  a  greasy  condition  in  a  boiler  has  increased  the  fuel  con- 
sumption more  than  25  per  cent,  and,  unless  the  boiler  is  thoroughly 
cleaned  after  the  plant  is  installed,  the  grease  and  oil  will  remain  in 
the  system  indefinitely. 

The  most  econotnical  control  for  house-heating  boilers  is  effected 
by  allowing  the  greatest  possible  amount  of  the  draft  tension  on  the 
boiler  at  all  times.  The  fire  should  be  regulated  by  the  draft  door 
located  in  the  ashpit.  This  door  should  be  adjusted  so  that  the 
maximum  results  can  be  obtained  with  the  smalicat  possible  amount 
of  opening.  With  this  control,  excess  air  i.s  prevented  and  good 
results  are  obtained  at  all  rates  of  combustion.    A  great  many 
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operators  imagine  that  by  closing  the  choke  damper  in  the  smoke 
hood  they  prevent  the  heat  from  escaping  up  the  chimney.  This 
practice,  however,  decomposes  the  fuel  without  giving  off  its  avail- 
able heat. 

It  is  very  important  that  the  boiler  should  be  made  airtight  so 
that  the  air  for  combustion  enters  the  draft-inlet  door.  Thermo- 
static control,  properly  connected  to  the  draft  dampers,  effects  a 
great  saving  in  fuel  and  gives  a  more  uniform  heat. 

It  has  been  demonstrated  by  actual  practice  that  this  method  of 
operation,  compared  with  the  average  maimer  of  operation,  will 
result  in  a  great  saving  of  fuel. 

HEAT-LOSSES  IN  BBSIDENCES 

P.  J.  DouGHEBTT.^  At  Icast  5  tons  of  coal  per  year  are  wasted 
in  the  average  10-room  residence  due  to  excess  air  leakage  through 
loose-fitting  jambs,  windows  and  doors.  Assuming  a.  clearance  of 
iV  in.  around  the  windows  and  doors,  the  total  area  of  such  openings  is 
equal  to  that  of  a  24-in.  pipe.  Allowing  one-half  of  this  area  for 
air  infiltration,  at  least  40,000  cu.  ft.  of  cold  air  per  hour  enters  the 
building,  while  9000  cu.  ft.  per  hour 'is  ample  for  a  family  of  five.  In 
zero  weather  it  requires  about  5  lb.  of  extra  cq^l  per  hour  to  heat 
this  large  amount  of  excess  air. 

The  heat  loss  through  an  8j-in.  brick  wall  and  plaster  is  1.8 
times  as  much  as  through  a  13-in.  brick  wall  furred  and  plastered; 
or  twice  as  much  as  through  a  17J-in.  brick  wall  furred  and  plastered. 
In  frame  construction  the  heat  loss  through  a  wall  consisting  of 
clapboard,  studded  and  plastered,  is  1.4  times  that  through  clapboard, 
paper,  studding  and  plaster;  or  1.9  times  that  through  clapboard, 
paper,  sheathing,  studding  and  plaster.  It  is  quite  evident  that  a 
judicious  use  of  building  paper  and  interlocking  metal  weather  strips 
will  be  highly  instrumental  in  reducing  coal  bills. 

The  next  important  leak  to  be  stopped  is  the  excessive  escape 
up  the  chimney  of  unconsumed-  gases  such  as  carbon  monoxide, 
hydrogen,  hydrocarbons  and  carbon.  The  fuel  bed  itself  axjts  prin- 
cipally as  a  gas  producer.  About  one-half  of  the  heat  energy  of  the 
fuel  passes  into  the  combustion  space  in  the  form  of  combustible 
gases.  Unless  the  combustion  conditions  within  the  heater  are  right, 
these  unconsumed  gases  carry  nearly  half  the  heat  value  of  the  coal 
up  the  chimney  as  a  dead  loss,  irrespective  of  how  low  the  smoke- 
pipe  temperature  may  be.    A  high  combustion  temperature,  not  less 

»   International  Heater  Co.,  Utica,  N.  Y, 
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than  1000  deg.  fahr.,  is  absolutely  essential  to  produce  economic  com- 
bustion. Invariably  a  low  combustion  temperature  accompanies  a 
weak  draft. 

A  weak  draft,  improper  firing  or  faulty  heater  design  are  the 
usual  causes  of  high  coal  bills  because  of  imfavorable  combustion 
conditions  within  the  heater.  The  strength  of  a  natural  draft  de- 
pends primarily  upon  the  average  temperature  of  the  gases  within 
the  chimney,  which  should  range  from  300  deg.  to  600  deg.  fahr., 
depending  upon  the  height  of  the  chimney.  Because  of  excessive 
leakage  of  cold  air  into  the  average  chimney,  and  the  maximum  chill- 
ing effect  due  to  the  usual  4-in.  chimney  walls,  it  is  no  unconmion 
condition  to  have  the  flue  gases  chilled  from  800  deg.  to  200  deg.  fahr. 
in  passing  from  the  bottom  to  the  top  of  the  chimney.  This  con- 
dition gives  an  average  stack  temperature  of  500  deg.  fahr.,  the 
requirement  for  the  average  low  outside  chimney  35  ft.  or  less  in 
height.  A  properly  designed  heater  will  therefore  permit  the  gases 
to  escape  to  the  stack  at  from  400  to  800  deg.  fahr.  in  order  to  main- 
tain the  required  temperature  in  the  chimney. 

Leaky  chimneys  are  the  bane  of  a  heating  engineer's  existence. 
A  heater  cannot  deUver  heat  to  the  system  unless  the  draft  is  strong 
enough  to  first  generate  the  heat  from  the  fuel.  A  weak  draft 
changes  a  heater  from  a  heat  producer  to  a  gas  producer.  The  com- 
bustible gases  escaping  up  the  chimney  unbumt  are  the  same  gases 
that  are  purchased  from  the  gas  companies  for  cooking  and  lighting. 
A  large  saving  in  fuel  and  loss  by  fire  could  readily  be  accomplished 
if  the  Board  of  Underwriters  as  well  as  city  ordinances  and  archi- 
tects should  demand  a  smoke  test  to  prove  a  chimney  tight  before 
accepting  it,  as  is  the  case  in  testing  all  plumbing  and  electrical 
installations  before  acceptance. 

STRONG  DRAFT  PROPERLY  CONTROLLED  THE  BEST  FUEL 

ECONOMIZER 

A  strong  draft  properly  controlled  is  the  best  fuel  economizer  on 
the  market.  In  the  average  residence  the  available  draft  at  the  smoke 
damper  should  be  about  0.2  in.  of  water.  A  sensitive  draft  gage  of 
the  ElUson  type  with  a  15-to-l  ratio  should  be  part  of  the  equipment 
of  ever>'  heater.  No  house  owner  can  intelligently  regulate  the  draft 
without  a  sensitive  draft  gage. 

A  strong  draft  not  only  saves  coal  by  producing  a  high  combustion 
temperature  to  burn  the  combustion  gases,  but  it  materially  in- 
creases the  eflfectivcness  of  the  heating  surface  of  the  heater.    The 
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heatiiig  surface  of  the  oc^nbustion  chamber  will  absorb  2|  tunes  as 
much  heat  when  the  combustion  temperature  is  1350  deg.  fahr.  as 
when  at  950  deg.^  the  steam  or  water  agaiDst  the  heating  surface  being 
at  212  deg.  High  combustion  temperature  is  far  more  important 
than  low  stack  temperature  in  burning  fuel  econcmiically.  It  is 
far  more  economical  to  permit  20  per  cent  of  the  fuel  energy  to  pass 
into  the  dmnney  as  hi^  stack  temperature  in  order  to  produce  the 
necessary  drafts  than  to  suffer  the  loss  of  40  per  cent  of  the  fuel  en- 
ergy in  the  form  of  unconsumed  gases  due  to  a  low  stack  temperature. 

Excess  air  passing  through  the  heater  is  a  frequent  cause  of  high 
coal  biOs.  A  thin  fire  on  the  grates,  12  in.  or  less,  or  a  strong  draft 
improperly  controlled  are  the  principal  causes  of  heat  loss  through 
excess  air  as  indicated  by  a  low  percentage  of  COi  (from  5  to  10  per 
cent)  in  the  flue  g^ses. 

A  deep  bed  of  fire  and  ash  on  the  grates  at  all  times,  bom,  16  to 
20  in.,  will  materially  reduce  the  heat  loss  due  to  excess  air.  Excess 
jur  produces  such  a  chilling  and  deceiying  effect  that  more  actual 
Jieat  units  escape  bom  a  heater  whose  flue  gases  show  a  temperature 
of  only  300  d%.  fahr.  and  5  per  cent  CQi,  than  escape  from  a  heater 
nrhoBB  flue  gases  show  a  tonperature  of  800  d^.  fahr.  and  15  per 
cent  CQ|.  The  former  condition  represents  19.6  per  cent  of  the  heat 
of  the  fuel,  while  the  latter  with  its  high  stack  temperature  and  low 
excess  air  represents  only  18.5  per  cent  of  the  heat  units  passing  up 
the  stack  as  sensible  heat. 

B.  J.  Denman  (written).  The  greatest  saving  in  districts  using 
bituminous  coal  for  residence  heating  is  to  be  obtained  by  encour- 
^tging  the  use  of  coke.  In  most  residence  heaters  the  volatile  matter 
is  distilled  off  without  being  consumed,  due  to  the  general  practice 
of  filling  up  the  furnace  in  endeavoring  to  cut  down  the  frequency  of 
firing.  This  can  be  avoided  by  advocating  frequent  and  light  firing 
of  coal,  or  by  the  use  of  anthracite  coal  or  coke.  The  use  of  thermo- 
stats for  residence  heating  is  very  desirable,  and  would  result  in  a 
material  saving  of  fuel  in  the  average  house. 

C.  E.  Van  Bebgen.  Fuel  may  be  saved  in  residence  heating  by 
using  the  smaller  sizes  of  anthracite  coal  such  as  pea  and  No.  1 
buckwheat.  These  can  be  used  by  careful  handling  of  grates,  taking 
care  at  all  times  to  keep  some  ashes  on  or  over  the  grates,  to  prevent 
the  small  coal  from  falling  through  grates. 

Do  not  shake  or  dump  the  grates  roughly,  and  if  coal  begins  to  run 
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through  grates,  stop  it  by  pushing  down  enough  coal  with  poker  to 
plug  the  hole. 

Walter  E.  Brtan.  Waste  in  residence  heating  is  due,  to  a 
great  extent,  to  ignorance  of  proper  methods  of  handh'ng  heating 
apparatus.  I  have  found  that  when  it  is  not  necessary  to  push  the 
fire  hard,  the  most  economical  results  are  obtained  by  keeping  the 
ashpit  door  and  firing  door  (including  the  slide)  tightly  closed  and 
opening  the  damper  in  the  smoke  pipe,  which  allows  air  from  the 
outside  to  enter.  The  keeping  of  the  fire  door  tightly  closed  may 
result  in  a  httle  smoking  immediately  after  firing,  but  it  also  results 
in  a  more  even  temperatmre  and  prevents  cold  air  from  being  drawn  in 
over  the  fire. 

L.  B.  McMillan.  A  great  many  excellent  suggestions  have 
been  made  regarding  savings  which  can  be  effected  by  improved 
firing  methods,  heating  fewer  rooms,  and  by  the  emplojnnent  of 
lower  temperatures  balanced  to  some  extent  by  higher  humidity 
which  tends  to  make  conditions  more  comfortable  even  if  the  room 
temperature  is  not  up  to  normal.  These  help  to  reduce  the  amount  of 
heat  required,  while  other  no  less  important  means  make  better  use  of 
the  heat  supphed. 

It  is  desirable  to  keep  in  the  rooms  as  much  of  the  heat  as  possible. 
This  of  course  is  affected  a  great  deal  by  the  construction  of  the 
building  and  the  insulating  value  of  its  walls,  etc.  Special  window 
stripping  of  various  kinds  has  been  devised  to  prevent  air  leakage 
around  windows  and  doors,  and  stopping  this  leakage  results  iii  an 
important  saving.  The  loss  of  heat  through  windows  can  be  pre- 
vented to  a  large  degree  by  the  use  of  storm  windows. 

Frequently  the  heating  pipes,  boilers,  water  heaters,  etc.,  in  the 
basement  of  a  building  are  either  not  insulated  or  only  insufi&ciently 
insulated.  The  reason  often  given  is  that  a  certain  amount  of  heat 
must  be  supplied  to  the  basement  to  prevent  freezing  of  water 
pipes.  While  this  is  true,  the  heat  given  off  from  the  smoke  pipe, 
in  addition  to  other  unpreventable  losses,  should  be  sufi&cient  to 
prevent  freezing  if  the  basement  is  reasonably  tight. 

10    What  Coal  Economies  Can  Be  Effected  in  the  Small  Steam 
Plants? 

E.  H.  Kearney^     In  order  to  bring  about  the  best  possible 

efficiency  in  the  plant,  the  operating  engineer  should,  figuratively 

^  Supt.  of  Hldf^s.,  John  Hancock  Mutual  Life  Ina.  Co.,  Boston,  Mi 
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speaking,  "camp"  in  the  boiler  room.  Not  a  single  detail  of  its  oper- 
ating conditions  should  escape  his  personal  attention  —  methods 
of  firing,  condition  of  fires,  leaks  in  setting^,  adjustment  of  draft, 
temperature  of  feedwater  and  condition  of  feed  pumps  are  but  a  few  of 
the  many  things  which  should  engross  his  attention.  In  short, 
the  engineer  does  well  who  keeps  constantly  in  mind  the  truth  of  the 
old  adage,  ''If  you  want  a  good  job  done,  take  pains  to  do  it  your- 
self." 

For  several  years  preceding  the  war  period  there  was  a  growing 
tendency  upon  the  part  of  owners  and  engineers  of  medium-sised 
plants  to  install  apparatus  in  the  boiler  room  by  which  a  closer  check 
could  be  had  upon  fuel  consumed,  water  evaporated,  quality  and 
temperature  of  gases,  etc.  Larger  plants  were  equipped  with  these 
aids  to  economy  as  a  matter  of  course,  and  the  beneficial  results 
which  attended  the  operation  of  these  more  modem  systems  had  set 
a  urorthy  example  for  less  pretentious  plants  to  follow. 

If  increasing  scarcity  and  cost  of  fuel  had  been  the  only  factors 
to  iDe  dealt  with,  it  is  easily  seen  that  firms  dealing  in  scientific  power- 
plajit  apparatus  would  have  been  swamped  with  orders.'  Had  prices 
&i^d  delivery  remained  a  fixed  quantity,  there  would  have  been  a 
scf^cunble  on  the  part  of  engineers  of  smaller  plants  to  obtain  apparatus 
wtri  ch  during  the  24-hour  period  would  enact  the  part  of  watch  dogs  of 
tt^  coal  pile.  But  while  war  conditions  brought  about  a  scarcity  and 
so^Mig  price  of  fuel,  they  also  aflfected  the  apparatus  manufacturer 
in  like  degree,  with  the  result  that  the  modest  plant  owner  found 
^^i*^tkself  between  two  fires:  either  to  install  checking  apparatus  at  a 
tr&xxiendously  increased  cost,  provided  he  could  secure  it  at  all,  or 
^  oontinue  imder  the  old  order  of  things  by  obtaining  the  best  re- 
sul  "ts  possible  with  what  he  had  in  hand.  Right  here  is  presented  a 
P^^^tlem  for  the  plant  owner  who  is  interested  not  only  in  the  matter 
o'  Ixis  own  fuel  costs,  but  in  the  larger  scheme  of  national  fuel  saving 
as  ^ell. 

There  is  no  question  but  that  many  plants  which  are  now  being 

operated  without  adequate   provision  for  bookkeeping  and   cost 

^"^  eking  could  make  a  decided  improvement  in  the  appearance  of 

^^^  monthly  balance  sheet  without  the  expenditure  of  extravagant 

suxxxs.    It  should  be  the  ambition  of  every  power-plant  owner  and 

^^gineer  to  ascertain  beyond  reasonable  doubt,  through  the  medium 

^^  practical  expert  advice  if  necessary,  whether  or  not  his  plant  is 

^^yig  operated  under  conditions  which  square  with  good  practice. 

Reduced  to  its  lowest  terms,  the  whole  fuel  problem  as  far  as  we 


370  ECONOMICAL  USB   OF  FUEL 

engineers  are  concerned  is  just  this:  Voluntary  fuel  saving  there 
should  be;  if  not,  compulsory  conservation  there  must  be.  We  as 
engineers  must  accept  as  a  duty  our  share  in  the  great  task  which 
now  confronts  the  nation. 

D.  C.  Faber.^  The  possibiUty  of  improvement  in  boiler-room 
equipment  and  firing  methods  in  small  steam  plants  was  very  for- 
cibly impressed  upon  engineers  connected  with  the  fuel-conservation 
work  done  in  Iowa  under  the  direction  of  the  Fuel  Administration 
last  winter.  In  connection  with  this  work,  combustion  conditions 
were  investigated  in  about  one  thousand  small  steam  plants  for  the 
purpose  of  determining  what  could  be  done  to  improve  boiler-room 
efficiency.  While  it  is  not  possible  to  enumerate  here  the  conditions 
found,  there  are  a  number  of  faults  which  are  conmion  to  most  plants 
of  this  type.  In  many  of  these  plants  the  firemen  have  other  duties 
which  take  them  away  from  the  boiler  room  for  a  great  part  of  the 
time,  so  that  firing  instead  of  being  a  principal  duty  becomes  merely 
an  incidental  one.  Under  such  conditions  the  firemen  usually  do 
about  all  that  is  expected  of  them,  which  is  to  shovel  enou^  coal 
from  the  pile  into  the  furnace  to  keep  up  steam,  regardless  of  how  or 
when  this  is  done,  so  that  carrying  too  thick  a  fire,  firing  too  large 
quantities  at  one  time,  and  failure  to  regulate  fire  with  damper  in 
uptake  are  conmion  faults.  Air  leaks  in  boiler  settings,  bare  steam 
pipes  and  failure  to  remove  soot  and  scale  at  frequent  intervals 
account  for  a  large  percentage  of  the  fuel  losses  in  such  plants. 

Many  of  these  ^ults  can  be  done  away  with  only  through  edu- 
cation of  owners  and  operators.  Right  now,  on  account  of  the 
general  interest  in  fuel  economy,  is  the  time  to  start  such  educational 
work.  Supervision  under  direction  of  the  Fuel  Administration 
could  well  be  a  part  of  such  educational  work.  Results  can  be 
secured  now  in  the  small  steam  plants  which  would  be  impossible 
under  other  circumstances. 

Geo.  H.  Diman.  One  of  the  best  ways  to  save  coal  is  to  save 
the  heat  units.  This  can  be  done  in  many  ways.  First,  be  careful 
not  to  have  the  rooms  in  the  manufacturing  plants  overiieated. 
Do  not  allow  steam  on  in  rooms  with  windows  open.  This  sununer, 
see  that  all  the  window  frames  are  properly  pointed  so  as  to  admit 
no  cold  air.  If  operating  dyehouses,  utiUze  all  the  available  heat 
units  in  the  dyehouse  and  finishing  departments. 

*  Consulting  Engineer,  U.  S.  Fuel  Administration,  Des  Moines,  Iowa. 


ECONOMIBS  IN  SMALL  8TBAM  PLANTS  371 

Let  me  illustrate  what  I  mean.  In  one  of  our  large  mills,  some 
years  agp,  the  dyeing  and  finishing  departments  got  behind  with 
their  work.  In  order  to  get  the  goods  into  the  market  we  stopped 
the  mill,  running  nothing  but  the  dyeing  and  finishing  departments. 
When  the  mill  was  running  full  we  used  about  6000  hp.  and  burned 
1000  tons  of  coal  per  week.  This  power  was  generated  by  two  pairs 
of  cross-compoimd  engines,  sacrificing  on  the  vacuum  and  keeping 
the  discharge  water  in  the  condensers  at  110  d^.  All  this  water 
was  stored  in  the  finishing  department  in  tanks  for  washing  the  goods. 
A  simple  engine  of  2400  hp.  furnished  exhaust  steam  for  use  in  dyeing. 

When  we  ran  two  weeks  with  only  the  dyehouse  and  finishing 
room  we  used  direct  steam  and  ran  only  one  engine.  It  took  275  hp. 
to  turn  the  shafting  of  the  dyehouse,  and  we  burned  775  tons  of  coal 
per  week. 

It  will  be  seen  that  in  the  first  case,  where  the  heat  units  were 
utilized  as  far  as  possible,  we  got  6000  hp.;  while  in  the  other  case, 
where  direct  steam  was  used,  we  got  only  275  hp.  and  burned  three- 
quarters  as  much  coal  as  before. 

B.  J.  Denman.  It  is  our  beUef  that  even  in  large  plants,  in- 
sufficient attention  is  paid  to  intelligent  operation  of  the  various 
boiler  and  engine  units.  Efficiency  curves  of  boilers,  engines  and 
turbines  should  be  made,  and  the  units  operated  at  their  most  effi- 
cient point.    Great  savings  are  j)ossible  in  many  plants  if  this  is  done. 

One  point  frequently  overlooked  is  the  temperatm^  of  the  hot- 
well  in  condensing  units.  The  amount  of  circulating  water  pimiped 
should  be  varied  with  the  temperature  of  the  circulating  water,  and 
the  temperature  of  the  hotwell  kept  as  near  that  corresponding  to 
the  vacuum  as  possible,  to  reduce  the  heat  loss  to  the  circulating 
water. 

A.  G.  Christie.  This  question  was  discussed  informally  at  one 
of  the  meetings  of  the  Baltimore  Section  last  winter.  It  was  pointed 
out  that  inefficiency  in  small  plants  was  generally  due  to  the  follow- 
ing causes: 

a  Practically  all  horizontal  return  tubular  boilers  in  the  Balti- 
more district  have  been  set  too  close  to  the  grates,  owing  to  the  fact 
that  a  local  concern  cast  boiler  fronts  from  a  pattern  which  allowed 
only  about  20  in.  between  boiler  and  grate  surface.  This  has  been 
increased  in  several  cases  to  6  ft.  with  decidedly  satisfactory  results. 

6  Air  infiltration  through  cracks  in  the  setting 


L 


372  ECONOMICAL  USE   OP  FUEL 

c  Failure  to  keep  the  heating  surfaces  clean 

d  Improper  firing  methods 
It  was  pointed  out  that  economies  could  be  secured  by: 

a  Oflfering  a  bonus  for  coal  saved 

b  Keeping  careful  records  of  coal  used  and  posting  these 

c  Providing  a  sufiSciently  large  combustion  space  over  the  grates 

d  Insisting  on  clean  tubes 

e  Using  prepared  mixtures  to  make  the  setting  airtight.  Several 
are  on  the  market.  The  settings  must  be  inspected  periodically  to 
see  that  they  are  kept  tight 

/  Elimination  of  steam  leaks  through  joints,  faulty  traps,  etc. 

Carl  J.  Fletcher.  The  question  as  to  coal  economies  that 
can  be  effected  in  small  steam  plants  in  the  aggregate  is  one  of  the 
most  important  questions  asked.  The  fuel  cost  in  these  plants  is 
too  small  to  permit  the  proper  expert  supervision  and  the  possibility 
of  saving  much  greater  than  in  the  larger  plants.  After  an  ex- 
amination of  a  great  many  small  plants,  I  have  two  suggestions  to 
offer  which  would  result  in  a  very  great  saving: 

Most  plants  clean  the  inside  of  their  boilers  fairly  well;  but 
it  is  my  observation  that  when  soot  is  removed  by  hand  blowing 
(done  at  night  when  the  pressure  is  low),  it  is  one  of  the  most  neglec- 
ted jobs  around  the  boiler  room.  Automatic  soot  blowers  should 
be  installed  and  should  be  used  several  times  a  day. 

One  other  possible  saving  is  in  the  use  of  the  damper  on  the  in- 
dividual boilers.  Plenty  of  advice  has  been  given  regarding  t\m 
feature,  but  I  find  in  most  plants  that  the  dampers  are  inconven- 
iently placed,  and  often  not  in  real  operating  condition.  As  the 
first  step,  the  plant  management  should  insist  that  dampers  are  in 
good  condition,  equipped  with  levers  which  are  within  easy  reach  of 
the  firemen. 

P.  W.  Thomas.  Economies  approaching  50  per  cent  of  the 
requirements  in  small  steam  plants  of,  say,  200  to  500  hp.  can  often 
be  effected  by  simply  putting  the  plants  in  shape.  We  have  a  record 
of  one  plant  usin^  22  tons  daily  which  now  uses  1 1  tons,  and  the  owners 
bought  no  fuel-saving  equipment  except  firebrick,  baffle  brick,  as- 
bestos and  fireclay.  The  1 1  tons  were  saved  by  the  proper  education 
of  the  men  in  the  boiler  room. 

Waltkr  E.  Hkyan.  Probably  the  greatest  loss  in  such  plants 
is  due  to  dirty  l)oilers,  improper  firing  and  handling  of  dampers. 
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If  these  facts,  together  with  the  remedy,  could  be  placed  in  the  hands 
of  the  managers  of  industries  who  are  operating  small  plants,*  con- 
siderable saving  would  result. 

C.  E.  Van  Bebgen.  As  long  as  the  war  lasts,  no  plant  using 
coal  for  generating  steam  or  for  heating  purposes  can  be  considered 
too  small  to  require  the  careful  attention  of  some  one  within  the 
organization.  Fuel  must  be  saved,  no  matter  how  small  the  quan- 
tity, and  this  is  just  the  point  which  must  be  emphasused:  ''Every 
plant  must  save  some  coal. "  And  along  with  this  is  another  thought 
that,  unless  each  one  of  us  saves,  we  may  experience  a  worse  coal 
shortage  next  winter.  And  each  of  us  should  preach  coal  savmg  on 
all  occasions. 

savings  resulting  fbom  insulation  of  steam  pipes 

L.  B.  McMillan.  A  great  deal  can  be  accomplished  by  im- 
proved firing  methods,  proper  air  regulation,  etc,  and  men  whose 
experience  well  qualifies  them  to  advise  along  such  lines  have 
pcMnted  out  what  steps  should  be  taken  to  improve  the  effideiu^  of 
combustion. 

But  it  is  not  enough  to  get  perfect  combustion  if  the  heat  is  lost 
afterward.    Leakage  through  boiler  settings  dilutes  the  gases  and 
cools  them  off.    Any  air  entering  after  the  coal  is  burned  must  be 
heated  to  the  temperature  of  the  gases  and,  while  some  of  this  heat 
^  given  back  to  the  heating  surfaces,  the  air  must  leave  at  the  tem- 
perature of  the  flue  gases  and  take  with  it  a  corresponding  excess 
^ount  of  heat  in  proportion  to  the  excess  amount  of  air  which  leaks 
^'     The  loss  of  heat  in  the  flue  gases  is  the  largest  single  loss  in  the 
^iler,  and  therefore  anything  which  increases  this  still  further  is 
^*'"tAinlv  bad. 

The  problem  of  best  economy  is  not  solved  even  when  a  satisfac- 
^^rv  portion  of  the  heat  from  the  fuel  is  gotten  into  the  steam.  The 
he^t:  must  be  kept  there  until  the  steam  is  used  and  this  calls  for 
Proper  insulation.  For  each  heat  unit  lost  from  steam  lines  at  least 
^^  or  even  2  heat  units  must  be  supplied  to  make  up  the  deficiency, 
^^refore  the  saving  by  insulation  i^  doubly  represented  at  the  coal 
Pil^. 

It  used  to  be  common  practice,  even  after  the  value  of  insulation 
"^^^i^ame  generally  recognized,  to  leave  flanges  and  fittings  unin- 
s^ilated.    This  is  a  ver\'  wasteful  practice  as  will  be  seen  from  the 
'^t  that  each  square  foot  of  surface  at  the  temperature  of  steam 
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at  100  lb.  pressure  loses  an  amount  of  heat  equivalent  to  more  than 
one-third  of  a  ton  of  coal  in  a  year  and  at  150  lb.  pressure  the  loss 
is  equivalent  to  nearly  half  a  ton  per  year.  A  pair  of  10-in.  flanges, 
for  example,  has  an  area  of  about  3  sq.  ft.;  therefore  at  100  lb. 
pressure  a  pair  of  uninsulated  10-in.  flanges  would  waste  an  amount  of 
heat  in  a  year  equivalent  to  one  ton  of  coal. 

Low-pressure  steam  pipes  and  surfaces  at  temperatures  around 
200  deg.  fahr.  are  frequently  left  uninsulated  on  the  ground  that 
the  temperatures  are  too  low  to  make  insulation  on  these  surfaces 
a  paying  proposition.    However,  even  with  steam  at  atmospheric 


TABLE  16    HEAT  LOSSES  FROM  UNINSULATED  HOT  SURFACES 

(Air  temperature  *  70  deg.  £ahr.) 


Steam  Frees ure. 

Lb.  per  Sq.  In. 

Qace 


0 

10 

26 

50 

76 

100 

150 

200 

250 


Steam  Temp., 
Dec  Fahr. 

Temp.  Diff., 
Deg. 

B.t.u.  Lost  per 

Sq.  Ft.  per 

Hour 

Lb.  of  God  p« 

Sq.Ft.per 

Year 

Sq.  Ft.  of  Sur- 
fMepwTHiof 
Coal  per  Year 

212 

142 

334 

m 

e.'tt 

240 

170 

425 

872 

ft.18 

287 

107 

622.6 

468 

4.S7 

208 

228 

644 

564 

S.» 

320 

260 

737.6 

646 

1.10 

338 

268 

820 

718 

9.7f 

SM 

206 

060 

840 

S.S8 

388 

318 

1079 

946 

s.u 

406 

336 

1184 

10S6 

l.«l 

NoTv.  —  This  table  is  figuxed  on  the  basis  of  10.000  B.t.u.  available  per  lb.  of  ooaL 
for  losses  in  B.t.u.  do  not  depend  upon  boiler  efficiency,  but  to  get  at  tha  Biimb«  of  pooade  o 
which  must  be  burned  to  make  up  the  losses,  the  boiler  effidenoy  and  the  heat  VBlaa  of  tha  eoal 
be  known  or  assumed.  For  example,  the  10,000  B.t.u.  assumed  above  ia  eqnivaloiii  to  aa 
of  about  70  per  cent  and  a  coal  with  heat  value  of  about  14,000  B.t.u.  Therefore  ft  b  vmry 
that  the  figure  is  oonswvative  and  that  in  most  cases  the  loss  in  pounds  of  eoal  will  bt 
that  shown  in  the  table. 


pressure  only  6  or  7  sq.  ft.  of  surface  are  required  to  lose  a  ton  of 
coal  in  a  year;  therefore,  it  will  be  seen  that  in  most  cases  the  saving 
would  pay  for  at  least  a  moderate  amount  of  insulation. 

Table  16  shows  the  heat  losses  from  uninsulated  surfaces  heated  by 
steam  at  various  pressures.  These  are  given  both  in  heat  units  and 
in  the  equivalent  amount  of  coal.  The  last  column  shows  the  num- 
ber of  square  feet  of  surface  at  each  pressure  which  arc  required  to 
lose  a  ton  of  coal  in  a  period  of  one  year. 

In  many  cases  where  insulation  is  provided  the  thickness  is  not 
sufficient  for  the  results  to  l)e  accomplished.  The  so-called  standard 
thickness  is  not  thick  enough  for  any  except  low-pressure  steam  oon- 
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diticms,  and  for  every  condition  there  is  a  certain  definite  thickness 
which  it  pays  to  put  on.  It  does  not  pay  to  use  less  than  this  thiok- 
nessy  nor  on  the  other  hand  does  it  pay  to  use  much  more.  Insula- 
tion is  to  be  r^arded  as  an  investment  which  pays  good  returns  on 
the  money  invested,  provided  the  material  is  suited  to  the  conditions 
and  the  tliicJcness  of  material  is  right  for  the  most  economical  results. 

11    What  Experiences  Have  You  Had  wUh  the  Storage  cf  Codlt 

H.  H.  Stobk.^  It  is  practicable,  advisable  and  advantageous 
to  store  bituminous  coal  not  only  during  war  tunes,  but  also  under 
normal  conditions  either  at  the  mines,  near  the  point  where  it  is  to 
be  used,  or  at  some  intermediate  point.'  It  is  wdl  to  store  coal  as 
near  the  point  of  consumption  as  possible  to  avoid  rehandling  and 
for  the  following  reasons: 

a  To  insure  the  fuel  consumer  of  a  supply  of  coal  at  all  times 
h  To  take  advantage  of  lower  freight  rates,  or  of  lower  prices 

of  the  coal  at  certain  seasons  of  the  year 
c  To  permit  the  railroads  to  utilize  their  cars  and  equipment 

to  the  best  advantage 
d  To  permit  the  mines  to  be  operated  more  steadily. 

KINDS  AND  SIZES  OF  COAL  THAT  CAN  BE  STORED 

Although  it  is  undoubtedly  true  that  some  coals  may  be  stored 
with  greater  safety  than  others,  the  danger  from  spontaneous  com- 
bustion is  due  more  to  improper  piling  of  coal  than  it  is  to  the  kind 
of  coal  stored. 

Most  varieties  of  bituminous  coal  can  be  stored  in  the  air  if  of 
proper  size  and  if  free  from  fine  coal  and  dust.  The  coal  must  be  so 
handled  that  dust  and  small  coal  are  not  produced  in  excessive 
amounts  during  the  storing,  because  spontaneous  combustion  is 
due  mainly  to  the  oxidation  of  the  coal  surface. 

All  varieties  of  bituminous  coal  can  be  stored  under  water,  which 
excludes  the  air  and  prevents  spontaneous  combustion. 

^  Professor  of  Mining  Engineering,  University  of  Illinois,  Urbana,  HI.,  Chair- 
in&n  of  Fuel  Conservation  Committee,  Fuel  Administration  of  Illinois. 

*  The  following  conclusions  were  printed  in  Circular  No.  6,  Engineering  Ex- 
periment Station,  University  of  Illinois  (The  Storage  of  Coal,  by  H.  H.  Stoek), 
in  April  1918.  About  January  1, 1919,  they  were  submitted  to  some  200  individ- 
^  and  firms  sjtoring  coal  during  the  summer  and  fall  of  1918  and  were  almost 
unanimously  endorsed  as  the  result  of  the  experience  during  1918. 
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The  danger  of  spontaneous  combustion  in  storing  the  coal  is  very 
greatly  reduced  if  not  entirely  eliminated  by  storing  only  lump  coal 
from  which  the  dust  and  fine  coal  have  been  removed.  Of  two  coals 
the  least  friable  should  be  chosen  for  storage  purposes,  because  less 
dust  and  fine  coal  will  be  produced  in  its  handling. 

Fine  coal  or  slack  has  sometimes  been  successfully  stored: 

a  By  preventing  air  currents  through  the  pile  by  means  of  a 
closely  sealed  wall  built  around  the  pile 

b  By  closely  packing  the  fine  coal.  Such  a  coal  pile  must  be 
closely  watched  for  heating. 
Note:  Piles  of  slack  must  be  very  closely  watched  for  heat- 
ing and  means  provided  for  promptly  moving  the  pile  if 
heating  develops.  The  only  absolutely  safe  way  to  store 
slack  or  fine  coal  is  under  water 

c  Many  varieties  of  mine-run  coal  can  not  be  stored  safely 
because  of  fine  coal  and  dust  mixed  with  the  lumps 

d  Coal  exposed  to  the  air  for  some  time  may  become  '' sea- 
soned "  and  thus  may  be  less  liable  to  spontaneous  combus- 
tion, due  to  the  oxidation  of  the  surface  of  the  lumps  of 
coal,  but  opinions  are  by  no  means  unanimous  upon  this 
point 

e  It  is  beheved  by  many  that  damp  coal  stored  on  a  damp 
base  is  peculiarly  Uable  to  spontaneous  combustion,  but 
the  evidence  on  this  point  is  by  no  means  conclusive.  It 
is  safer  not  to  dampen  coal  as  or  after  it  is  placed  in 
storage. 


EFFECT  OF  SULPHUR  ON  SPONTANEOUS  COMBUSTION 

It  has  been  shown  by  experimentation  that  the  sulphur  con- 
tained in  coal  in  the  form  of  pyrites  is  not  the  chief  source  of  spon- 
taneous combustion,  as  was  formerly  supposed,  but  the  oxidation  of 
the  sulphur  in  the  coal  may  assist  in  breaking  up  the  lumps  of  coal 
and  thus  increase  the  amount  of  fine  coal,  which  is  particularly  liable 
to  rapid  oxidation.  Even  this  latter  opinion  is  not  unanimously  en- 
dorsed. In  spite  of  experimental  data  showing  that  sulphur  is  not 
the  determining  element  in  spontaneous  combustion,  the  opinion  is 
very  widespread  that,  if  possible,  it  is  well  to  choose  a  cOal  with  low 
sulphur  content  for  storage  purposes. 
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MBTHOD  OF  PILINa  COAL 

To  prevent  spontaneous  combustion,  coal  should  be  so  piled  that 
air  can  circulate  through  it  freely  and  thus  carry  off  the  heat  due  to 
oxidation  of  the  carbon,  or  else  it  should  be  so  closely  piled  that  air 
cannot  enter  the  pile  and  oxidize  the  fine  coal. 

Stratification  or  segr^ation  of  fine  and  lump  coal  should  be 
avoided  since  an  open  stratum  or  a  chimney  of  coarse  lumps  of  coal 
gives  a  passage  for  air  to  enter  and  c<Hne  in  contact  with  fine  coal 
and  thus  to  oxidize  it  and  start  combustion. 

If  space  permits,  low  piles  are  preferable,  as  the  coal  is  thus  more 
exposed  to  tiie  air  and  better  cooled  than  in  high  piles,  and  in  case  of 
heating  it  can  be  more  readfly  and  quickly  moved.  A  disadvantage 
in  high  piles  is  the  greater  difficulty  of  moving  the  coal  quickly,  if 
necessary.  The  idea  that  a  high  pile  causes  heating  at  the  bottom 
is  erroneous,  since  as  many  fires  take  place  near  the  top  as  near  the 
bottom  and  near  the  outside  as  near  the  interior  of  the  pile.  If 
possible,  the  coal  pile  should  be  divided  by  allejrways  so  as  to  f adlitate 
rapid  loading  out  of  the  coal  in  case  of  necessity,  so  that  an  entire 
coal  pile  may  not  be  endangered  by  a  local  fire. 

Much  of  the  attempted  ventilation  of  coal  piles  in  the  United 
States  has  been  inadequately  done  by  the  use  of  only  an  occasional 
ventilation  pipe  which  has  been  not  much  more  than  a  place  in  which 
to  insert  a  thermometer  for  reading  temperatiu^.  The  practice 
of  placing  ventilating  pipes  close  together  has  been  used  in  Canada 
and  is  reported  to  have  been  effective. 

Water  is  an  effective  agent  in  quenching  fire  in  a  coal  pile  if  it 
can  be  applied  in  sufficient  quantities,  but  a  small  amount  is  ineffec- 
tive. Unless  there  is  an  ample  supply  of  water  to  thoroughly  quench 
the  fire  and  cool  the  pile,  it  is  very  dangerous  to  add  any  water  to  a 
coal  pile. 

Coal  of  different  varieties  should  not  be  mixed  in  storage  if  this 
can  be  helped,  for  one  cgal  that  has  a  greater  susceptibility  to  spon- 
taneous combustion  than  the  other  may  jeopardize  the  safety  of 
other  coals  that  are  not  so  liable  to  spontaneous  combustion. 

EFFECT  OF  STORAGE  ON  VALUE  OF  COAL 

The  heating  value  of  a  coal  as  expressed  in  B.t.u.  is  decreased 
very  little  by  storage,  but  the  opinion  is  very  widespread  that 
storage  coal  bums  less  freely  when  fired  in  a  furnace.  Experiments 
indicate  that  much  of  this  can  be  overcome  by  keeping  a  thinner  bed 
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on  the  grate  than  is  kept  with  fresh  coal  and  by  r^^lating  the 
draft. 

The  coking  properties  of  most  coals  seem  to  be  decreased  as 
a  result  of  storage. 

The  value  of  certain  coals  for  making  illuminating  gas  is  not 
decreased  as  a  result  of  storage.    Other  coals  depreciate. 

The  deterioration  of  coal  stored  under  water  is  negligible,  and 
such  coal  absorbs  very  Uttle  extra  moisture.  If  only  part  of  a  coal 
pile  is  submerged,  the  part  exposed  to  the  air  is  still  liable  to  spon- 
taneous combustion. 

The  best  preventive  of  loss  in  coal  storage  is  to  inspect  the  pile 
regularly  and  if  heating  occurs  up  to  140  deg.  fahr.  to  keep  very  dose 
watch  on  the  pile;  and  if  the  heating  increases  to  175  or  180  deg., 
to  remove  the  coal  as  promptly  as  possible  from  the  spot  affected, 
and  thoroughly  cool  it  before  piUng  it  again. 

Storage  appliances  and  arrangements  should  be  so  designed  as  to 
make  it  possible  to  load  out  the  coal  quickly  if  necessary,  and  the 
coal  should  not  be  stored  in  large  piles  unless  provision  is  made  for 
loading  it  out  quickly. 

Pieces  of  wood,  greasy  waste,  or  other  easily  combustible  material 
mixed  in  a  coal  pile  may  form  a  starting  point  for  a  fire,  and  every 
effort  should  be  made  to  keep  such  material  from  the  coal  as  it  is 
being  put  in  storage. 

It  is  very  important  that  coal  in  storage  should  be  kept  from  such 
external  sources  of  heating  as  steam  pipes,  because  the  susceptibility 
of  coal  to  spontaneous  combustion  increases  rapidly  with  an  increase 
in  temperature. 

In  piling  coal  it  should  be  spread  in  layers  over  the  entire  area  of 
the  pile  and  not  dropped  at  one  place  so  that  the  fine  coal  will  segre- 
gate in  the  center  of  the  pile  and  the  lumps  roll  to  the  outside. 

T.  N.  Wynne.^  The  IndianapoUs  Light  and  Heat  Company  has 
been  storing  Indiana  coal  since  1888.  Before  1912  all  coal  stored  was 
on  the  ground  in  open  air,  with  no  particular  attention  paid  to  sixes, 
quality,  or  the  method  of  storing.  In  1912  this  company  investigated 
the  question  of  storing  coal  under  water  to  prevent  spontaneous  com- 
bustion and  loss  of  heating  value.  No.  4  vein  Indiana  coal  contains 
approximately  2  per  cent  of  sulphur  and  Xo.  5  vein  from  3|  to  6  per 
cent,  and  our  exix?rience  has  been  that  Xo.  5  will  invariably  fire  if 
exposed  to  the  air,  while  Xo.  4  will  not.    WhiU*  we  feel  it  safe  to 

^  Indiana|>oli8  Light  and  Heat  Co.,  Indianapolis,  Ind. 
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store  No.  4  coal  on  the  ground,  it  is  so  difficult  to  obtain  that  we  feel 
it  necessary  to  provide  storage  that  will  be  safe  for  No.  5.  We  bum 
No.  4  on  Roney  stokers  and  No.  5  on  Green  chain  grates. 

An  average  of  741  tests  shows  the  freshly  mined  No.  4  vein  coal 
to  contain  about  35  per  cent  of  volatile  combustible  matter.  From 
tests  of  various  samples  taken  from  No.  4  coal  stored  for  three  years 
in  open  air  at  our  Kentucky  Avenue  Station  the  volatile  content  was 
found  to  average  28.34  per  cent,  indicating  a  loss  of  20  per  cent. 
This  coal  during  its  period  of  storage  did  not  show  any  signs  of  heat- 
ing. 

-  At  the  same  station  we  have  had  stored  for  about  eight  months 
2000  tons  of  No.  4  vein  Indiana  mine-run  coal.  This  coal  has  never 
shown  a  tendency  to  fire,  although  in  places  it  is  35  ft.  deep.. 

UNDERWATER  STORAGE 

The  history  of  coal  storage  by  our  company  has  been  a  series  of 
fires  and  losses.  In  1912  we  constructed  at  our  Mill  Street  Station 
a  concrete  pit  300  ft.  long,  100  ft.  wide  and  20  ft.  deep,  designed  to 
contain  13,000  tons  of  coal  submerged.  A  standard-gage  track 
crosses  this  pit  at  ground  level  from  one  end  to  the  other  on  concrete 
piers.  The  cars  are  run  upon  this  track  and  dumped.  After  the 
coal  has  reached  a  certain  height  it  must  be  handled  to  both  sides  of 
the  track  by  means  of  a  Brown  hoist.  The  topography  of  the  ground 
prevents  the  elevation  of  track  to  facilitate  dumping,  a  condition 
very  desirable  if  possible.  The  pit  when  filled  is  not  disturbed  except 
in  case  of  shortage  in  daily  delivery.  Mine-run  coal  only  is  stored 
because  screenings  under  water  become  a  mud-Uke  mass,  almost 
impossible  to  handle  or  burn. 

Capillar^'  attraction  will  take  care  of  coal  piled  above  the  water 
level  of  the  pit  as  much  as  8  or  10  ft.,  thus  permitting  of  additional 
capacity  of  about  40  to  50  per  cent. 

Whenever  coal  is  taken  from  the  pit  to  be  used  on  the  stokers  it 
is  loaded  into  railroad  cars  and  the  water  allowed  to  drain  off  for 
about  six  hours  before  the  coal  is  put  into  the  bunkers;  or,  when  coal 
is  to  be  taken  from  the  pit  the  water  may  be  lowered  until  sufficient 
coal  has  been  uncovered  and  drained  to  meet  the  requirements. 

The  result  of  underwater  storage  fully  met  our  expectations  in 
that  it  prevented  fires  and  preserved  the  heating  value  of  the  coal. 
We  have  never  been  troubled  with  excessive  moisture  when  burning 
pit  coal  if  mine  run  is  used.  Screenings  which  have  been  stored 
under  water  burn  with  difficulty. 


L 


380  ECONOBnCAL  USE  OF  COAL 

A  loss  of  heating  value  is  very  evident  in  the  case  of  coal  stored 
in  air.  In  fact,  when  burning  air-stored  coal  it  is  necessary  to  have 
additional  boiler  capacity  to  carry  the  same  load. 

Results  of  181  tests  of  No.  4  vein  coal  which  has  been  submerged 
for  one  year  as  compared  with  those  of  the  741  tests  of  freshly  mined 
coal  previously  referred  to,  show  a  reduction  of  1.7  per  cent  in  avail- 
able B.t.u.  in  the  case  of  the  submerged  coal.  This  loss  is  so  small 
that  it  might  very  well  exist  between  two  lots  of  freshly  mined  coal. 

Recently  we  constructed  a  reinforced-concrete  coal  pit  at  our 
Kentucky  Avenue  Station,  145  ft.  long,  65  ft.  wide  and  32  ft.  deep, 
built  on  the  same  general  lines  as  that  at  the  Mill  Street  Station  and 
holding  8000  tons. 

The  Indianapolis  Light  and  Heat  Company  buTDB  500  tons  of 
coal  per  day,  and  as  the  two  pits  have  a  total  capacity  of  20,000  tons 
of  coal  submerged  and  10,000  tons  above  the  water  line,  this  means  a 
sixty  days'  supply  on  hand  if  both  pits  are  filled.  The  total  cost  of 
the  two  pits  was  $60,000  or  $2  per  ton  of  storage. 

DANQER  FROM  SPONTANEOUS  COMBUSTION 

Albert  A.  Cart.  Another  phase  of  the  coal-wasting  propo- 
sition is  that  of  spontaneous  combustion. 

With  the  clean  coal  formerly  received  by  a  certain  large  power 
plant,  running  low  in  percentage  of  non-combustible  matter,  trouble 
from  spontaneous  combustion  was  almost  unknown  even  after  the 
coal  had  been  stored  for  six  or  seven  years  in  dense  piles. 

With  the  coal  now  received  they  find  that  they  cannot  store  it 
for  two  weeks  without  spontaneous  firing;  in  fact,  they  have  such 
fires  burning  in  their  coal  bins  almost  continuously,  with  the  result 
that  when  this  supply  is  drawn  upon  for  use  they  have  coke  to  bum 
instead  of  coal. 

With  the  valuable  heat-producing  volatile  matter  thus  distilled 
out  of  our  eastern  bituminous  coal,  the  loss  in  steam-making  capacity 
is  from  10  to  15  per  cent. 

Should  coals  from  the  Central  West  be  used  (which  coals  contain 
a  considerably  higher  percentage  of  volatile  matter),  the  amount  of 
such  loss  is  materially  increased. 

Loss  from  spontaneous  combustion  simply  means  that  a  corre- 
spondingly greater  amount  of  coal  must  be  carried  over  our  trans- 
{)ortation  systems  from  the  mines  to  make  up  for  the  deficiency  thus 
created. 

The  siK)iitiiiieous  combustion  of  coal  is  occasioned  by  the  combin- 
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ation  of  some  of  its  constituents  (including  impurities)  with  atmo- 
spheric oxygen,  which  reactions  raise  the  temperature  of  the  sur- 
rounding coal  to  its  ignition  point. 

Whether  this  firing  is  due  to  the  presence  of  that  easUy  decom- 
posed form  of  iron  pyrites  known  as  marcasite  or  to  the  presence 
of  other  impurities  it  is  difficult  to  say,  but  we  have  the  strongest 
evidence  —  at  the  large  power  station  referred  to  — that  with  the 
dean  coal  formerly  received  no  loss  due  to  spontaneous  combustion 
occurred,  but  with  the  dirty  coal  that  is  now  being  received  such 
firing  is  almost  continuously  occurring.  Generally  speaking,  the 
coals  running  the  highest  in  non-combustible  matter  give  the  greatest 
trouble  due  to  spontaneous  combustion. 

P.  W.  Thomas.  Our  personal  experiences  with  storage  coal  may 
be  of  great  interest.  All  of  our  coal  is  of  a  nature  that  heats  very 
quickly.  Where  we  are  unable  to  procure  underwater  storage,  we 
adopt  the  following  plan: 

The  storage  place  is  first  absolutely  cleaned  of  all  rubbish  in  the 
way  of  deadwood  and  v^etation.  We  then  cover  the  entire  area 
with  coal  to  the  depth  of  about  one  foot.  After  this  coal  has  been  ex- 
posed to  the  air  for  one  or  two  da3nB,  we  place  another  layer  above  it. 
We  continue  this  to  a  depth  of  8  to  10  ft.,  being  careful  to  store  only  coal 
from  one  given  mine.  We  have  carried  raw  screenings  over  a  period 
of  a  year  without  smolder,  where  under  ordinary  circumstances  they 
would  have  fired  in  from  one  to  three  weeks.  A  scientific  explanation 
would  be  rather  difficult,  but  in  all  likelihood  would  center  around 
the  undoubted  fact  that  each  layer  so  put  down  has  time  to 
lose  the  majority  of  its  occluded  gases  and  becomes  more  or  less 
inert.  The  pyrite  also  has  time  to  become  partially  or  wholly 
oxidized. 

Walter  E.  Bryan.  Where  coal  is  not  too  small  in  size  and 
contains  few  impurities,  it  can  be  stored  either  under  roof  or  in 
the  open  for  long  periods  with  little  danger  from  combustion  and, 
I  believe,  little  deterioration.  We  have  found  it  necessary  in  storing 
screenings,  of  rather  poor  quality,  under  roof,  to  allow  them  to 
stand  not  longer  than  three  to  four  weeks  in  warm  weather.  In 
the  open  it  is  almost  impossible  to  store  such  screenings  during  the 
summer  months  without  firing,  and  with  the  comparatively  poor 
coal  supplied  last  year  it  was  impossible  to  store  the  coal  for  any  great 
length  of  time,  even  in  the  winter  months,  without  its  catching  on 
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fire.  In  my  opinion,  the  question  of  ventilating  storage  piles  is  of 
doubtful  value,  the  important  points  being  not  to  store  too  fine  coal 
or  dirty  coal,  and  not  to  store  it  in  large  piles. 

In  case  the  coal  actually  does  fire,  I  know  of  no  effective  way  to 
put  the  fire  out;  it  is  our  practice  to  pick  up  the  coal  as  rapidly  as 
possible  and  use  it.  I  realize,  however,  that  there  are  several  meth- 
ods of  chemically  treating  the  coal  after  it  has  fired  which  are  sup- 
posed to  put  the  fire  out.  In  the  case  of  coal  stored  in  buildings, 
care  should  be  taken  after  emptying  a  bin  that  all  pockets  are  brushed 
out  before  the  new  coal  is  put  in. 

B.  J.  Denman.  Up  to  a  few  years  ago  I  was  in  charge  of  plants 
burning  Pennsylvania  and  West  Virginia  coking  coals  which  required 
storage  of  approximately  100,000  tons.  Mine-run  coal  was  stored  in 
continuous  piles  as  high  as  could  be  handled  by  locomotive  cranes. 
No  attempt  was  made  to  ventilate  the  piles,  and  no  fires  ever  occurred. 
There  was  no  loss  in  heating  value  of  coal  which  had  been  in  storage 
as  much  as  three  years. 

I  am  at  present  storing  eastern  Kentucky  ''Elkhom"  gas  coal  for 
nine  gas  plants.  Most  of  this  is  under  cover,  but  some  is  unprotected. 
This  coal  is  stored  in  piles  as  high  as  25  ft.,  and  no  precautions  are 
taken,  but  no  fires  have  resulted.  Most  of  this  coal  is  }-in.  lump,  but 
some  of  it  is  screenings.  Some  of  the  lump  coal  has  been  in  storage 
for  five  years  or  more. 

For  electric  plants  I  am  at  present  storing  each  winter  in  various 
localities  from  3000  to  20,000  tons  of  Illinois  and  Iowa  coal.  It  is 
our  experience  that  washed  central  Illinois  coal  screenings  can  be 
put  in  stock  during  the  sununer  and  used  the  following  winter  with 
very  little  danger  of  firing.  Springfield,  111.,  district  l^-in.  screenings 
cannot  be  put  in  stock  in  summer  without  great  danger  of  firing.  If 
this  coal  is  put  in  stock  during  the  winter  time,  when  the  coal  is  very 
cold  or  mixed  with  snow,  it  will  ordinarily  carry  through  the  following 
sununer.  Fulton  County,  111.,  screenings  will  ordinarily  fire  before 
fall  if  put  in  stock  during  the  summer  months,  although  we  have  one 
plant  in  northern  Iowa  where  we  put  about  3000  tons  of  this  coal  in 
stock  each  year  and  have  very  little  trouble;  in  a  number  of  plants 
in  the  central  part  of  the  state,  howevei*,  trouble  invariably  results. 
Tliis  may  be  due  to  some  clhnatic  condition,  but  we  have  not  been 
able  to  account  for  it. 

We  have  had  very  satisfactory  results  in  storing  southern  Illinois 
screenings  and  experience  very  little  trouble.    The  lump  coal  from 
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any  of  the  Illinois  districts  can  be  carried  through  the  summer  without 
trouble. 

Iowa  screenings  cannot  be  stored  at  all  during  tiie  sunmier  time, 
and  frequently  the  coal  fires  in  transit.  I  have  had  no  eocperi^ice 
in  storing  Iowa  lump,  but  am  of  the  opinion  that  it  would  disinte- 
grate and  fire. 

I  have  had  little  faith  in  the  usual  schemes  for  ventilating  coal 
piles,  and  have  observed  several  experiments  which  have  not  been 
satisfactory.  It  is  our  practice  not  to  store  the  coal  over  12  ft.  high, 
and  if  it  b^ins  to  heat,  to  move  it  as  quickly  as  possible. 

A.  G.  Chbistie.  I  have  found  it  impossible  to  store  certain 
grades  of  western  lignite  if  wet  even  in  as  shallow  jnles  as  6  ft.  with- 
out having  spontaneous  combustion.  Alberta  bituminous  coal  could 
be  stored  in  piles  12  ft.  deep  if  kept  dry.  Wet  weather  may  start 
combustion.  We  have  had  no  difficadty  storing  semi-bituminous  coal 
in  inles  of  12  ft.  deep  in  Baltimore,  but  care  is  taken  to  keep  it  dry. 

Cabl  Smebungu  It  is  comparatively  safe  to  store  bituminous 
coal  containing  up  to  1|  per  cent  sulphur  in  piles  not  exceeding  a 
depth  of  7  to  8  ft.  and  not  be  troubled  with  spontaneous  combustion. 
The  same  kind  of  coal  can  be  stored  at  any  depth  if  supplied  with 
sufficient  air  pipes  penetrating  the  storage  at  proper  intervals,  al- 
though we  find  that  in  50  per  cent  of  the  cases  where  bituminous  coal  is 
stored,  especially  through  the  Middle  West,  hundreds  of  tons  of  coal 
are  lying  in  the  open  for  years  20  to  30  ft.  in  depth  and  containing 
from  2  to  2^  per  cent  sulphur.  It  must  be  noted,  nevertheless,  that 
in  all  cases  spontaneous-combustion  fires  are  found  at  the  bottom  of 
the  pile  or  at  the  floor  level,  and  it  therefore  seems  advantageous  to 
have  from  a  foot  to  eighteen  inches  of  water  at  the  bottom  of  the  pile 
to  insure  safety. 

C.  E.  Van  Bergen.  We  do  not  recall  any  interesting  experi- 
ences in  connection  with  coal  storage,  having  never  had  any  large 
quantities  to  deal  with,  nor  have  we  had  any  fires  in  storage  piles. 
We  do  not  store  until  fall,  and  about  1000  tons  well  spread  in  piles 
not  over  15  ft.  high  is  the  most  we  ever  have  on  hand. 

W.  L.  Abbott.  We  have  stored  himdreds  of  thousands  of  tons 
of  bituminous  coal  every  year  at  a  cost  not  to  exceed  10  cents  per 
ton  into  and  out  of  storage.  We  have  had  no  trouble  whatever  in 
many  years  with  spontaneous  combustion  in  the  coal  piles.     It  has 
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been  our  experience  that  we  can  prevent  spontaneous  combustion 
by  storing  grades  of  coal  that  do  not  contain  the  small  sizes,  using 
preferably  a  3-in.  by  6-in.  egg  or  lump  size  of  coal  which  has  gone 
over  a  IJ-in.  screen. 

12(a)     To  What  Extent  and  Where  Will  the  Gas  Producer  be  U^ed 
to  Produce  Economies? 

Robert  H.  Fernald.  There  seem  to  be  three  obvious  fields 
for  gas-producer  development: 

1  For  extensive  power  production  at  the  mines 

2  As  a  substitute  for  natural  gas  for  general  heating  purposes 

3  In  conjunction  with  by-product  coke  ovens. 

1  In  the  field  of  power  production  through  the  internal-com- 
bustion engine  the  appUcation  of  the  gas  producer  seems  limited  to 
plants  of  relatively  small  capacity.  This  is  due  to  the  fact  that  the 
practical  size  Umit  for  gas  engines  seems  to  be  not  over  5000  hp., 
and  very  few  engines  of  this  size  are  built.  The  gas-engine-gas- 
producer  combination  can  hardly  be  considered  for  central-station 
service.  '  For  large  power  installations  the  natural  development  is 
the  by-product  producer-gas  plant  located  at  the  mines  in  con- 
junction with  steam  boilers  and  steam  turbines.  The  low  efficiencies 
due  to  the  two-step  conversion  —  first,  gas  generation  from  the  coal, 
and  second,  burning  of  the  §as  under  steam  boilers  —  may  be  coun- 
terbalanced  by  the  development  of  highly  efficient  boilers  equipped 
for  gas  burning,  and  by  the  return  from  the  valuable  by-products 
secured  from  the  coal.  Should  the  development  of  the  gas  turbine 
result  in  commercial  units  that  compare  favorably  with  the  present 
large  steam-turbine  units,  additional  marked  economies  may  of 
course  be  looked  for. 

2  The  depletion  of  the  supply  of  natural  gas  in  many  regions  is 
leading  to  the  gradual  substitution  of  producer  gas  in  place  of  natural 
gas  —  using  producers  of  either  the  by-product  or  non-by-product 
type. 

3  This  field  embraces  two  divisions:  (a)  one  in  which  there  is  an 
unlimited  demand  for  the  coke  from  the  ovens  as  well  as  for  the  gas 
and  by-products;  (6)  one  in  which  there  is  no  market  for  the  coke  but 
a  ready  market  for  the  gas  and  by-products. 

a  This  type  of  plant  is  composed  essentially  of  two  distinct 
installations,  a  by-product  coke  plant  and  a  by-product  producer-gas 
plant.    The  entire  gas  output  of  the  coke  plant  may  thus  be  made 
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available  foi*  the  market,  as  the  lower-heat-value  producer  gas  may  be 
used  for  heatmg  the  coke  ovens.  One  of  the  advantages  of  this 
system  lies  in  the  fact  that  coke  breeze  and  low-grade  fuels  may  be 
used  in  the  producers.  In  a  large  European  plant  of  this  type  the 
coke-oven  gas  is  the  main  product  and  the  coke,  which  finds  a  ready 
market,  is  regarded  as  one  of  the  by-products.  The  by-products 
from  the  producer-gas  plant,  sulphate  of  ammonia  and  pitch,  practi- 
cally pay  the  cost  of  operation  of  this  portion  of  the  installation. 

b  In  case  there  is  a  demand  for  the  by-product  coke-oven  gas 
but  no  convenient  market  for  the  coke,  Uie  natural  step  involves 
placing  gas  producers  in  dose  contact  with  the  by-product  coke  plant, 
feeding  the  coke  directly  into  these  producers.  Such  portion  of  the 
producer  gas  as  is  not  used  for  heating  the  coke  cim  be  mixed  with  * 
the  by-product  coke-oven  gas  for  general  distribution. 

Developments  along  the  three  lines  indicated  seem  to  offer 
attractive  possibilities,  and  their  adoption  on  an  extensive  scale 
would  lead  to  economy  in  fuel  consumption. 

12(b)    To  What  Extent  is  Natural  Gas  Being  Used  as  a  Fuel  for 
Power  Purposest 

Samuel  S.  Wyer.  The  natural  gas  industry  is  in  a  transition 
stage,  changing  from  the  large-volume,  low-price-per-imit  basis, 
to  the  relatively  small-volume  and  larger-price-per-xmit  basis.  The 
reasons  why  natural  gas  cannot  and  ought  not  to  have  an  extensive 
use  for  steam-boiler  work  in  the  future  may  be  enumerated  as  follows: 

a  The  number  of  domestic  consumers,  now  over  2,363,000,  is  in- 
creasing much  faster  than  the  number  of  producing  wells 

b  The  initial  production  and  the  routine  available  production 
coming  in  are  much  lower  than  for  wells  that  came  in 
five  years  ago.  This  is  due  to  the  general  depletion  of 
existing  fields,  and  the  extensive  underground  drainage 
from  past  production 

c  New  fields  are  not  being  discovered  fast  enough  to  replace 
the  rapidly  declining  present  supplies 

d  The  general  shortage  of  coal  for  domestic  heating  in  the 
past  and  the  inevitable  continuance  of  this  condition  for 
some  time  in  the  future,  at  least  during  the  period  of  the 
war,  has  placed  enormous  additional  demands  for  do- 
mestic heating  on  the  natm^l-gas  resources  where  natu- 
ral gas  is  now  and  will  be  used  in  Ueu  of  soUd  fuels  for 
heating  homes. 
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Natural  gas  is  preeminently  a  domestic  fuel.  Its  high  heating 
value,  practically  twice  that  of  any  manufactured  gas  available,  its 
purity,  and  ease  in  handling  make  it  the  premier  fuel  for  home  use. 
While  low-grade  solid  fuels  can  be  efficiently  used  under  steam  boilers 
with  proper  stoking  equipment,  they  cannot  be  satisfactorily  or 
efficiently  used  for  house  heating.  For  this  reason  it  is  a  matter  of 
conservation  to  use  the  fuel  for  domestic  service  that  in  the  long  run 
will  yield  the  greatest  good  to  the  greatest  number. 

The  tests  recently  made  in  the  Home  Ek;onomics  Department  of 
the  Ohio  State  University  on  cooking  various  meals  with  natural 
gas,  soft  coal,  coal  pil,  gasoline  and  electricity,  show  conclusively 
that  natural  gas  is  by  far  the  cheapest  fuel  for  the  domestic  con- 
sumer's use  for  cooking.  Thus,  in  cooking  a  dinner  for  six  people, 
the  total  fuel  costs,  with  natural  gas  at  40  cents  per  1000  cu.  ft.,  soft 
coal  at  $6.50  per  ton,  coal  oil  at  15  cents  per  gallon,  gasoline  at  27 
cents  per  gallon,  and  electricity  at  3  cents  per  kw-hr.,  were  sub- 
stantially as  follows: 

Natural  gas    0.88  cent  Electricity 5.0  cents 

Soft  coal. ..     2.5    cents  Coal  oil 5.4  cents 

Gasoline. .  .     4.6    cents 

The  rendering  of  domestic  natural-gas  service  is  a  public-utility 
business.  Practically  all  of  the  states  where  natural  gas  is  now 
produced  and  sold  have  public-utility  commissions  with  broad  powers 
in  matters  of  rate  regulation  and  quaUty  of  service.  The  general 
tendency,  and  the  one  that  is  in  accordance  with  sound  public  policy 
is  to  give  the  domestic  consumer  first  preference  and  curtail  the 
consumption  of  natural  gas  for  industrial  purposes.  For  the  reasons 
given  in  the  preceding  paragraphs,  it  may  be  reasonably  expected 
that  this  tendency  will  become  more  marked  in  the  future  and  public- 
utility  regulations  regarding  the  use  of  this  best  of  all  of  nature's 
fuels  for  domestic  service  will  become  more  exacting  and  ultimately 
will  result  in  the  very  great  curtailment  of  the  use  of  natural  gas  for 
steam-boiler  work  and  for  other  industrial  purposes. 


12(c)     What  Is  the  Relative  Economy  of  the  Locomotive  of  1900  and 
Today? 

John  £.  Muhlfeld.  The  general  development  of  the  steam 
locomotives  in  use  in  the  United  States  since  1900  can  be  best 
shown  by  the  data  in  Table  17,  which  are  approximately  correct. 
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SUMMARY  OF  ECONOMIC  FEATURES 

# 

Prior  to  1900  considerable  development  work  had  been  done  on 
two-,  three-  and  four-cylinder  types  of  compound  locomotives  by 
Mallet,  Webb,  Pitkin,  Mellin,  Vauclain  and  others.  Pitkin's  two- 
cylinder  system  was  applied  to  a  Michigan  Central  10-wheel  loco- 
motive in  1889,  and  Vauclain's  four-cylinder  system  was  first  intro- 
duced on  a  Baltimore  and  Ohio  8-wheel  locomotive  - —  No.  848  —  in 
October  of  the  same  year.  These  and  other  developments  caused 
the  adoption  of  both  the  two-  and  four-cylinder  Sjnstems  in  new 


TABLE  17    STEAM  LOCOMOTIVES  IN  THE  UNITED  STATES  SINCE  1900 

Vear 

Item 

Single- 
E«ipan- 
nen  Cyl- 
inder 

Two. 
Cylinder 
Com- 
pound 

Four- 
CyKnder 
Com- 
pound 

IfaOlet 

Artaeo- 

btod 

Coio- 

pound 

Totel 

Looo- 

motivw 

N^uniber 

96.600 
19.000 
86/X» 

1.000 

28.000 

126.000 

900 

29.000 

iao.000 

........ 

38.800 

1900 

Aventce  tractive  poiwer.  lb 

Averaco  wt.  on  driven,  lb 

Number*. 

48.049 

23.000 

100.000 

900 

31.000 
140.000 

1.800 

82.000 

145.000 

1 

75.000 

335.000 

61.680 

1906 

Avarace  tractive  doww.  lb 

Average  wt.  on  dnvera,  lb 

i  Number* '     56.425 

1910    ,  Average  tractive  power,  lb <     27,000 

Average  wt.  on  drivers,  lb 120,000 

875 

ZIJSM 

142.000 

1.600 

40.000 

175.000 

200 

72.000 

320.000 

50.000 

1915 

1 

1 
Number  » 62,000 

A\'erage  tractive  power,  lb 30,500 

Average  wt.  on  drivers,  lb i   135,000 

1 
1 

650 

32.000 

145.000 

1.300 

33.000 

148.000 

800 

79.000 
350.000 

64.750 

>  Includes  1  superheater  locomotive.  * 

'  Includes  300  superheater  and  3000  oil-burning  locomotives. 
'  Includes  14,000  superheater  and  4250  oil-biuning  locomotives. 

locomotives,  the  maximum  application  being  reached  during  1904, 
when  approximately  1000  two-cylinder  and  2000  four-cylinder  com- 
pound locomotives  were  in  existence. 

Previous  to  1900  Schmidt,  Pielock  and  others  had  done  consider- 
able experimenting  with  superheated  steam,  the  former  having 
succeeded  in  1894  in  producing  a  boiler  and  motor  in  which  super- 
heated steam  of  relatively  low  pressure  was  used  at  about  700  deg. 
fahr. 

The  failure  of  the  compound  locomotive  to  produce  the  economy 
predicted  —  due  largely  to  the  factors  of  indifferent  design,  lack  of 
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proper  maintenance  and  operation,  cheap  fuel  and  road  failures  — 
resulted  in  the  general  return  to  the  single-expansion-cylinder  loco- 
motive, and  this,  with  the  demand  for  greater  steaming  capacity 
per  sq.  ft.  of  boiler  heating  surface,  naturally  brought  about  consider- 
ation of  the  use  of  superheated  steam.  The  results  of  further  ex- 
periments by  Vauclain,  Vaughan,  Horsey,  Cole,  Emerson,  Jacobs 
and  others,  along  the  lines  of  high  and  low  degrees  of  superheat,  in 
combination  ^l^th  either  high  or  low  steam  pressures,  by  means  of 
smokebox,  fire  tube,  or  a  combination  of  both  types  of  superheaters, 
resulted  in  the  fire-tube  type  being  now  practically  a  standard  part 
of  all  new  equipment,  and  it  is  further  being  rapidly  applied  to  exist- 
ing satiu*ated-steam  locomotives  in  the  United  States. 

While  the  C!ole  and  Vauclain  balanced-compound  types  of  loco- 
motives as  brought  out  since  1900  —  along  the  lines  of  the  French 
De  Glehn  system  —  have  not  made  much  progress,  the  Mallet  articu- 
lated compound  system,  introduced  on  the  Baltimore  and  Ohio  in 
1904,  is  now  in  use  on  over  fifty  railwa3rs  in  the  United  States,  and 
aggregates  more  than  1500  locomotives.  This  latter  type  of  loco- 
motive not  only  permits  extreme  concentration  of  great  power  over 
a  flexible  wheel  base  within  axle-load  limits,  but  also  reduces  the  stres- 
ses by  greater  distribution  and  hghtness  of  parts,  and  through  the 
combination  of  high-pressure  superheating,  compounding,  simpling 
and  reduction  of  unbalanced  pressure  gives  the  maximum  direct  and 
reserve  tractive  power  for  from  25  to  35  per  cent  less  fuel  and  water 
consumption  per  ton-mile  than  a  superheated  single-expansion  loco- 
motive. 

COMPARISON   OF  STEAM   AND   ELECTRIC   EQUIPMENT  FOB  RAILWAYS 

With  regard  to  the  present  status  of  the  relative  economy  of 
steam  and  electric  locomotives  in  the  United  States,  as  compared 
with  the  results  obtained  in  1900,  general  conditions  have  very  sub- 
stantially changed  and  the  predominating  factors  today  are  mfm^^^l 
labor  and  fuel  for  operation.  While  the  inauguration  of  the  use  of 
fuel  oil  on  almost  4500  steam  locomotives  has  somewhat  improved  the 
firing  and  steam-generation  conditions,  the  increasing  cost  and  de- 
mand for  oil  for  more  essential  purposes  and  the  reducing  supply  will 
soon  make  its  use  for  locomotive  fuel  prohibitive.  However,  the 
use  of  oil  as  a  locomotive  fuel  has  long  since  demonstrated  that  the 
mechanical  feeding  and  burning  of  fuel  in  suspension,  whether 
gaseous,  Uquid  or  soUd,  for  the  production  of  steam  in  a  self-contained 
motive-power  unit,  is  the  most  logical,  successful,  effective  and  eoon- 
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omical  method  for  generating  power  and  moving  long-haul  heavy- 
tonnage  traffic  on  railwa3rs. 

Even  where  hydroelectric  power  is  available  the  self-contained 
steam-povrer-plant  locomotive  will  show  a  much  lower  cost  for  fixed 
charge,  maintenance  and  operation  than  the  electric  unit,  as  the 
transmission  and  conversion  of  electric  current  into  drawbar  hauling 
capacity  is  a  very  wasteful  and  expensive  process  in  the  present  state 
of  the  electrical  art.  In  fact,  the  principal  economies  brou^t  about 
in  the  electrical  field  during  the  past  quarter-century  have  been  in 
the  production  and  use  of  steam  for  the  generation  of  current  and  not 
in  the  electrical  apparatus. 

As  applied  to  a  long-haul  railway,  the  metering  and  conveying  of 
extremely  high-voltage  current  from  various  power-plant  sources 
into  transmission  mains,  through  switching  substations,  transforming 
and  converting,  conveying  to  contact  lines  and  converting  into  great 
hauling  capacity  at  the  drawbar  results  in  enormous  line  and  bond- 
ing dead  losses,  which  will  bring  the  cost  of  even  hydroelectric  current 
per  drawbar  horsepower-hour  to  from  6  to  7  mills.  This  cost,  which, 
in  combination  with  copper  limitations,  fixed  train  speeds  up  and 
down  grades,  general  tie-up  of  operation  in  case  of  failure,  and  like 
factors,  will  hardly  admit  of  comparison  with  steam-locomotive 
boilers  operating  at  equivalent  to  700  per  cent  of  the  rated  capacity 
of  stationary  boilers,  with  a  75  per  cent  combined  furnace,  boiler 
and  superheater  efficiency,  and  furnishing  a  boiler  horsepower  for 
each  li  sq.  ft.  of  evaporating  surface  and  producing  a  drawbar 
horsepower-hour  for  2J  lb.  of  coal. 

IMPROVEMENTS  TO   BE  EXPECTED  IN  STEAM  LOCOMOTIVES 

Nevertheless,  the  steam  locomotive  is  still  in  its  infancy  so  far 
as  economy  per  ton-mile  is  concerned.  The  atomization  and  burn- 
ing of  liquid  or  solid  fuels  in  suspension  will  enable  the  eUmination 
of  grates  and  other  metal  work  from  the  combustion  zone  and  permit 
of  higher  furnace  temperatures  and  more  complete  and  eflfective 
combustion,  which,  in  combination  with  higher  steam  pressures, 
compounding,  higher  superheating  of  both  high-  and  low-pressure 
steam,  utilization  of  waste  gases  and  steam  for  feedwater  heating 
and  purification,  better  boiler-water  circulation,  reduced  cylinder 
clearances  and  back  pressure,  improved  steam  distribution,  lower 
factor  of  adhesion,  higher  percentage  of  propelling  to  total  weight, 
less  radiation,  elimination  of  unbalanced  pressures  and  weights, 
application  of  safety  and  labor-saving  devices,  and  the  greater  re- 
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finement  and  perfection  of  general  and  detailed  design,  equipment  and 
control  throughout,  will  yet  enable  it  to  produce  a  drawbar  horse- 
power-hour for  one  pound  of  coal. 

STEAM-ELECTRIC   LOCOMOTIVES 

Furthermore,  it  is  not  inconsistent  to  now  predict  that  a  self- 
contained  steam-electric  articulated  compound  locomotive,  combining 
the  advantages  of  both  steam  and  electric  motive  power,  will  shortly 
find  a  useful  field  in  services  where  maximum  power  and  efficiency 
at  high  speeds;  greater  utilization  of  existing  waste  heat;  high  start- 
ing and  low  speed  torque  and  rapid  acceleration  are  required  and 
where  an  exclusive  electrification  system  would  not  be  permissible 
from  the  standpoint  of  first  cost  or  justified  on  account  of  the  com- 
bined expense  for  operation  and  maintenance. 

LOCOMOTIVE  DEVELOPMENT  IN  RECENT  TEARS 

H.  B.  Oatlet.  a  measure  of  the  real  advance  made  during  the 
past  eighteen  years  in  the  development  of  the  locomotive  is  obtain- 
able only  when  the  question  is  considered  in  its  broadest  sense. 
When  viewed  in  this  Ught,  the  question  may  fairly  be  answered  by 
the  statement  that  the  locomotive  of  today  is  at  least  50  per  cent  more 
effective  than  the  locomotive  of  1900.  The  leading  factors  that  pro- 
duce this  result  are  — 

a  Adoption  of  highly  superheated  steam 

b  Increase  in  size  of  locomotives 

c  More  positive  control  of  mechanical  operation  and  better 

steam  distribution. 
d  Improved  combustion 
e  Increased  average  speed  over  the  division 
/  Increase  in  the  percentage  of  time  available  for  revenue 

earning  service. 

Fuel  economies  of  not  less  than  20  per  cent  through  the  use  of 
highly  superheated  steam,  in  all  classes  of  service,  have  been  demon- 
strated, and  over  21,800  locomotives  out  of  a  total  of  approximately 
65,000  that  are  in  service  on  American  railroads  are  using  super- 
heated steam.  Provisions  have  been  made  for  the  use  of  highly 
superheated  steam  for  the  standard  U.  S.  Railway  Administration 
engines  now  imder  construction.  Consumptions  as  low  as  2  lb.  of 
coal  per  i.  hp-hr.  have  been  obt^ned  on  engines  using  hi^y 
superheated  steam,  and  in  general  road  operation,  under  all  oon- 
ditions  of  weather,  a  figure  of  3  lb.  of  coal  per  i.  hp-hr.  is  obtained. 


ECONOMY  OF  PRESENT-DAT  LOCOMOnVES 


391 


The  increase  in  the  size  of  locomotdves  during  the  past  decade  and 
a  half  is  strikingly  shown  by  the  comparisons  of  locomotives  given  in 
Tables  18  and  19. 

The  C!onsolidation  of  1900  and  of  1918  illustrates  the  growth  in  one 
type  of  engine,  which  would  not  have  been  possible,  economically, 
had  it  not  been  for  the  [successful  solution  of  the  problems  of  super- 
heating, improved  steam  distribution,  mechanical  stokers,  the  use 
of  pulverized  fuel,  large  firebox  volume  and  the  increased  knowledge 


TABLE  18    INCREASE  IN  SIZE  OF  PASSENGER  LOCOMOTIVE  SINCE  1900 

»    


YearbuiH 

Typeof  CDsiiM 

Road 

Total  weight,1b... 
Wt.  on  driTera,  lb. 

C^rlindara.  in. 

Wheebtin. 

Boilflr  |W0Mur0t  lb . 
Tnetive  pow«r,  lb. 

Mai.  L]q». 

Fuel 

Brick  areh 

Superheatar 


1900 
4-6-0 
L.  S.  ft  M. 
171,000 
133,000 
90X28 
80 
210 
2i,9M 
1306 
Bit. 
No 
No 


S. 


10067 
4-6-2 
B.ftO. 
229.S00 
160.500 
22X28 
74 


36.000 
1316 
Bit. 
No 
No 


1018 


U.&Std. 
800.000 
180.000 
27X28 
70 
200 
43300 
2.634 
Bit. 
Tm 
Tm 


1018 
4-8-2 
U.8.8td. 
850300 
240,000 
28X80 
60 
200 
58300 
2324 
'  Bit. 
Tm 
Tea 


TABLE  19    INCREASE  IN  SIZE  OF  FREIGHT  LOCOMOTIVES  SINCE  1900 


Year  built 

Type  of  engixie 

Road 

Total  weight,  lb 

Weight  on  drivers,  lb 

Cylinders 

Wheels,  in 

Boiler  ineesure.  lb — 
Tractive  power,  lb — 

Max.  i.  hp 

Fuel 

Brick  arch 

Superheater 


1900 

I.  C  R.  R. 
216.000 
196,000 
23  X30 
57 
210 
49.690 
1853 
Bit. 
No 
No 


I 


1917 

D.  AH. 
297.000 
266,000 
27X32 
63 
210 
66.000 
2,755 
Pulverised  fuel 
Yes 
Yes 


1918 
2-8-2 
U.  S.  Std. 
322,000 
240,000 
27  X32 
63 
190 
60,000 
2,493 
Bit. 
Yes 
Yes 


1918 
2-10-2 
U.  S.  Std. 
390,000 
300.000 
30X32 
63 
190 
74.000 
3.062 
Bit. 
Yes 
Yea 


of  boiler  design  which  permitted  the  successful  combination  of  these 
devices  in  one  engine;  and  the  same  conditions  are  responsible  for 
the  growth  in  the  4-6-2  or  Pacific  type  passenger  locomotive,  as  well  as 
in  the  2-8-2  or  Mikado  type  and  the  2-10-2  or  Santa  F6  type  engines 
which  have  had  a  rapid  development  and  widespread  adoption  during 
the  greater  part  of  the  period  1900-1918. 

The  growth  in  size  of  the  Mallet  or  articulated  locomotive  is 
well  illustrated  by  the  comparison  between  the  first  0-6-6-0  engine 
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built  for  road  service  in  1903  and  the  nxaximum-sized  2-10-10-2 
articulated  engine  now  in  service  on  the  Virginian  Railway. 

The  increase  in  the  size  of  locomotives  has  been  a  great  factor  in 
cutting  down  the  costs  of  transportation,  by  permitting  not  only 
large  increases  in  the  average  weight  of  trains,  but  in  the  incidental 
advantages  accompanying  greater  train  loads,  particularly  with 
respect  to  increasing  the  capacity  of  single-track  roads. 

It  is  interesting  to  note  that  the  average  tractive  power  of  all 
engines  operating  in  the  United  States  in  1900  was  17,000  lb.  In 
1918  it  had  increased  to  36,000  lb.  or  126  per  cent. 

Improved  conditions  of  combustion  have  been  brought  about  by 
the  study  and  development  of  adequate  air  openings  in  asbpan  and 
through  grates,  proper  proportioning  of  combustion  chambers,  the 
extended  use  of  water  tubes  and  firebrick  arches,  greater  Imowledge 
as  to  the  proper  length  and  diameters  of  boiler  tubes,  and  incidentally 
better  design  of,  and  closer  attention  to,  the  front-end  draft  appli- 
ances. Full  credit  should  also  be  given,  in  this  particular,  to  the 
efforts  on  the  part*  of  the  railroad  mechanical  officers  in  the  instruc- 
tion of  firemen  and  engineers  in  the  proper  firing  and  handling  of 
engines.  These  efforts  have  shown  marked  results  in  eliminating 
fuel  waste  from  the  tanks,  at  coaling  stations  and  in  the  handling  of 
the  coal  on  the  locomotive.  The  present  interest  in  feedwater  heat- 
ing is  commendable,  and  advantageous  results,  when  viewed  from 
all  angles,  have  been  demonstrated. 

Greater  average  speed  over  the  road  has  resulted  from  the  building 
of  locomotives  of  greater  power  and  efficiency,  as  well  as  from  better 
knowledge  of  the  proper  rating  of  engines.  Overloaded  locomotives 
which  arc  stalled  in  bad  weather  or  on  ruling  grades  are  today  ex- 
ceptional. Twenty  years  ago  they  were  of  very  frequent  occur- 
rence. 

The  annual  report  of  the  Illinois  Central  Railroad  for  1917  con- 
tains a  striking  illustration  of  the  increase  in  train  loads  made  possi- 
i)le  by  the  development  of  the  present-day  locomotive.  In  1908  on 
this  road  the  average  train  load  per  revenue  train-mile  was  slightly 
under  410  tons.  In  1917,  it  was  approximately  700  tons  (more  than 
70  per  cent  increase  in  nine  years.) 

Locomotives  of  the  present  day  are  in  revenue-earning  work  a 
decidedly  greater  portion  of  the  time  than  was  the  case  at  the  be- 
ginning of  the  present  century.  Greater  efforts  on  the  part  of  the 
mechanical  organizations  to  keep  locomotives  ready  for  service,  have 
contributed  toward  this  improvement.    The  progress  in  design  of 
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locomotiye  and  tender  parts  subject  to  wear  and  the  necessity  for 
renewal^  have  produced,  in  recent  years,  details  wliich  give  far 
greater  mileage  between  shoppings  and  thus  contribute  to  increase 
in  hours  per  day  that  the  locomotive  is  in  service. 

These  are  a  few  of  the  principal  causes  for  the  conclusion  stated 
in  the  foregoing  paragraphs,  that  the  present-day  locomotive  may 
conservatively  be  stated  as  not  less  tiian  50  per  cent  more  effective 
than  the  locomotive  of  1900.  This  very  gratifying  improvement  can 
be  credited,  not  to  any  one  group  of  men,  but  is  due  to  the  energy  of 
the  railroad  mechanical  officers,  to  the  locomotive  builders  and  to  the 
engineering  organizations  which  have  specialized  and  developed  var- 
ious devices  that  are  incorporated  in  the  present-day  locomotive. 

In  1917  the  Railway  Review  published  a  statement  made  by  the 
General  Superintendent  of  Motive  Power  of  the  Pennsylvania  Rail- 
road, in  .which  he  said:  ''All  of  this  shows  that  during  the  last  five 
years  the  economy  and  capacity  of  our  locomotives  has  been  more 
than  doubled,  and  this  has  been  obtained  for  an  investment  in 
property,  in  so  far  as  the  cost  of  the  locomotives  is  concerned,  that 
will  not  amount  to  a  30  per  cent  increase."  If  this  is  the  condition 
on  one  road  covering  a  five-year  period,  it  can  certainly  be  accepted 
as  applicable  to  the  railroads  of  the  country  over  an  eighteen-year 
period. 

12(d)     What  Is  the  Proportion  of  Coke  Made  in  By^Product  Ovens 
in  the  United  States? 

C.  E.  Lesher.^  The  proportion  of  coke  (excluding  gas-house 
coke),  made  in  by-product  ovens  in  the  United  States  has  increased 
from  17.1  per  cent  in  1910  to  40  per  cent  in  1917.  The  figures,  by 
years,  are  as  follows: 

(l8t  Qr.) 

Year 1910  1911  1912  1913  1914  1915  1916  1917  1918  1919 

Per  cent....  17.1  22.1  25.3  27.5  32.5  33.8  35.0  40.4  46.2  53.5 

The  development  of  the  by-product  coke  industry  in  the  United 
States  up  to  the  close  of  1914  was  largely  the  result  of  the  recognition 
by  iron  and  steel  companies  of  the  economies  possible  by  the  recov- 
ery of  by-products  and  of  the  flexibiUty  of  operation,  as  well  as  the 
assurance  of  a  regular  and  continual  supply  of  suitable  blast-furnace 
fuel. 

^  U.  S.  Geological  Survey,  Washington.  Published  by  permisaon  of  the 
Director. 
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Begmning  in  1915,  and  most  strikingly  so  today/  the  necessity  for 
benzol  and  toluol  for  explosives  and  chemical  manufacture  has  given 
this  industry  marked  impetus.  So  urgent  are  the  demands  for  ex- 
plosives that  the  Federal  Government  is  expected  to  finance  the 
erection  of  additional  by-product  ovens  this  year. 

These  new  by-product  plants  will  continue  to  be  operated  after 
the  demand  for  coke  —  now  abnormal  —  decreases,  with  the  result 
that  the  percentage  of  by-product  coke  to  the  total  output  in  the 
United  States  will  continue  steadily  to  increase. 

W.  H.  Blauvblt.*  Preliminary  Government  estimates  place 
the  total  coke  production  for  1917  at  56,600;000  tons,  the  largest 
tonnage  in  the  history  of  the  industry.  Of  this  production,  34,000,- 
000  tons,  or  60  per  cent,  was  beehive  coke,  and  22,600,000  tons,  or 
40  per  cent,  was  by-product  coke. 

The  by-product  plants  now  imder  construction  in  the  United 
States  will  have  a  capacity  of  13,800,000  tons.  Not  all  of  these 
plants  now  building  will  be  put  in  operation  this  year,  but  the  major- 
ity of  them  will,  so  it  seems  safe  to  prophesy  that  at  some  time  the 
latter  part  of  this  year  the  production  of  by-product  coke  will  pass 
the  beehive  production.  The  total  capacity  of  the  by-product  ovens 
in  the  United  States  now  in  operation  or  under  construction  will  be 
about  41,600,000  tons  per  anniun.  This  is  more  than  6,000,000  tons 
above  the  maximum  production  of  the  beehive  industry  in  1916,  when 
all  of  the  conditions  were  favorable  to  bringing  out  the  greatest 
possible  production  from  the  beehive  plants. 

12(6)    What  Are  New  and  Important  Developments  in  Methods  of 
Burning  Coalt 

W.  W.  JouRDiN.  Aside  from  cost,  the  advantages  of  fuel  oil 
in  steam-boiler  practice  over  rough-crushed  coal  are  so  manifest 
that  a  particularly  strong  inducement  exists  at  this  time  of  increasing 
power  costs  to  apply  the  economic  test  to  pulverized  coal. 

The  superior  thermal  efficiency  of  gaseous  fuels  is  unquestionable, 
but  commercial  success  in  the  manufacture  of  gas  for  firing  under 
boilers  has  not  been  reaUzed.  Coal,  when  ground  so  fine  that  95  per 
(!ent  will  pass  100  mesh,  can  be  conveyed  through  pipes  over  con- 
siderable distances  as  readily,  almost,  as  oil,  and  combustion  will 
occur  in  a  manner  quite  analogous  to  that  of  gas,  provided  air  be 

^  August,  1918. 

*  Ck)nsultiiig  Engineer,  Semet-Solvay  Company,  Syracuse,  N«  Y. 
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supplied  in  proper  proportion  and  in  intimate  contact  with  the  par- 
ticles of  the  coal. 

That  desirable  characteristic  of  oil  —  easy  and  complete  control  of 
the  heating  medimn  to  meet  yariations  in  steam  demand  —  is  inherent 
in  coal  in  this  finely  divided  state.  Better  economy  is  attainable 
than  with  coal  as  commonly  fired,  since  excess  air  may  be  kept  within 
narrow  limits,  and,  furthermore,  the  boiler  room  is  free  from  heavy 
storage  and  handling  equipment. 

This  feature  of  quick  response  to  variable  load  conditions  cannot 
be  fully  appreciated  by  one  whose  experience  has  been  confined  to 
stoker  equipment.  In  the  plant  with  which  the  writer  is  connected, 
the  excess  air  is  usually  maintained  within  10  or  12  per  cent  of  theoreti- 
cal requirements,  and  with  a  50  per  cent  variation  either  way  from 
normal  load  the  automatic  r^ulating  system  will  respond  so  quickly 
that  the  extreme  variation  in  steam  pressure  will  be  not  more  than 
2  lb.  per  sq.  in.,  equivalent  to  1  per  cent  of  normal.  When  properly 
adjusted  the  damper  regulator  opens  the  dampers  in  time  to  prevent 
smoking,  in  the  case  of  an  increase  in  the  rate  of  firing,  or  a  ''dear 
stack"  with  a  sharp  reduction  of  load. 

Steam  is  the  best  atomizing  agent  for  oil,  but  compressed  air 
appears  to  be  most  satisfactory  for  use  with  powdered  coal.  All  air 
required  for  combustion  may  be  compressed  by  turbo-blowers  to  a 
comparatively  low  pressure,  heated  by  the  waste  gases,  then  released 
in  a  mixing  chamber  or  burner  designed  to  distribute  the  charge 
evenly  in  the  furnace. 

The  methods  used  to  atomize  pulverized  coal  fall  short  of  re- 
quirements since  the  evaporative  efficiency  is  generally  lower,  often 
up  to  10  per  cent,  than  obtained  with  gas  or  oil.  With  well-designed 
apparatus,  however,  nearly  constant  oxygen-carbon  ratio  should 
obtain  over  a  wide  range,  and  evaporative  efficiency  need  not  be 
less  than  is  developed  in  the  best  oil-burning  practice. 

The  grinding  and  drying  equipment  should  be  placed  between 
the  boiler  plant  and  coal  in  storage.  The  quantity  of  waste  gases  to 
be  diverted  to  the  drying  plant  will  depend  upon  their  temperature 
and  the  moisture  content  of  the  coal.  The.  best  performance  known 
to  the  writer  is  4  to  5  lb.  of  water  evaporated  per  pound  of  coal  used 
in  the  dryer;  in  certain  plants  the  ratio  is  nearer  unity.  Therefore, 
with  coals  running  high  in  moisture  a  material  saving  will  be  possible 
by  the  use  of  waste  gases  in  the  dryer. 

A  large  pulverized-coal  plant  is  being  installed  in  Seattle,  where 
oil  is  cheap  compared  to  places  more  remote  from  the  oil  fields.    If 
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we  cannot  afford  to  burn  oil,  let  us  weigh  carefully  the  possibility  of 
utilizing  this  fine  substitute. 

12(/)    What  Economies  Have  ResuUed  from  Recent  Practice  in  Mak- 
ing  Brick  Settings  LeaMesst 

Albert  A.  Gary.  The  remarkably  low  flue-gas  temperatures 
frequently  reported  from  boiler  tests  are  generally  due  to  air  leakage 
through  boiler  settings  or  at  flue  connections.  A  number  of  boiler 
tests  which  I  have  made  were  conducted  in  such  a  manner  as  to 
determine  these  losses  and  I  will  therefore  give  the  results  of  three  or 
four  of  these  tests  from  which  can  be  appreciated  the  gain  in  effi- 
ciency that  would  result  if  the  air  leakage  were  suppressed. 

1  Two  horizontal  tubular  boilers  of  the  same  size  and  located 
in  the  same  plant,  with  settings  supposed  to  be  identical,  gave  the 
following  results  by  taking  samples  of  gas  simultaneously  from  the 
rear  end  of  the  furnace  chamber  and  just  inside  the  flue  outlet: 

BoUer  A  Boikr  B 

Excess  of  air  found  in  the  furnace 70  per  cent     49  per  cent 

Excess  of  air  found  at  the  flue  outlet 103  per  cent     71  per  cent 

These  results  clearly  show  how  worthless  the  gas  analysis  taken 
at  the  flue  outlet  really  is  as  an  indication  of  the  conditions  of  com- 
bustion in  the  furnace. 

Turning  now  to  temperature  readings  taken  just  inside  of  the 
flue  outlet,  a  nitrogen-filled  thermometer,  with  proper  corrections 
appUed,  showed  that  the  temperatures  of  gases  escaping  from  the 
boiler  settings  were  543  deg.  fahr.  for  Boiler  A  and  482  deg.  fahr. 
for  Boiler  B. 

By  making  correctious  for  the  chilling  effect  of  the  infiltrating 
air  we  find  that  had  there  been  no  air  leakage  through  the  boiler 
settings,  the  temperatures  of  these  escaping  gases  would  have  been 
607  deg.  fahr.  with  Boiler  A  and  562  deg.  fahr.  with  Boiler  B. 

The  actual  loss  in  efficiency  due  to  air  leakage  in  these  two  boilers 
was  as  follows:  Boiler  i4,  1.73  per  cent;  Boiler  J5,  2.13  per  cent. 

The  losses  occurring  in  these  cases  principally  were  due  to  the 
chilling  effect  of  the  cold  entering  air  alone,  as  it  was  foimd  that 
practically  all  of  the  air  leakage  occurred  beyond  the  furnace  and 
conibustion  chambers.  A  correction  of  the  gas  analysis  taken  at  the 
flue  outlet,  making  allowance  for  the  increased  air  supply,  shows 
practically  the  same  results  as  were  obtained  in  the  samples  of  gas 
taken  from  the  combustion  chamber. 
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2  I  wiU  next  refer  to  two  interesting  tests  made  wiUi  a  water-tute 
boiler  having  its  heating  surface  widely  distributedi  and  requiring  a 
setting  about  double  the  siee  of  a  normal  setting.  It  was  equipped 
with  stationary  grates  and  hand-fired.  One  test  was  conducted  at 
the  rated  capacity  of  the  boUer,  while  the  second  was  a  forcing  test. 

During  the  non-forcing  test,  I  found  that  the  ayerage  excess  air 
in  the  furnace  was  45.05  per  cent,  while  the  excess  air  found  in  the 
escaping  gases,  just  inside  of  the  flue  outlet,  was  95.79  per  cent. 
There  was  an  unusually  high  loss  in  the  c(Mnbined  efficiency  of  the 
boiler  and  furnace  operation  due  to  air  leakage  throuf^  the  masonry; 
namely,  4.63  per  cent. 

The  average  combustion,  during  this  test,  was  20.87  lb.  of  dry 
coal  per  sq.  ft.  of  grate.  ^ 

During  a  subsequent  forcing  test,  when  40.15  lb.  of  dry  coal  was 
burned  per  sq.  ft.  of  grate  under  forced  blast,  the  entire  chamber 
enclosing  the  boiler  was  under  pressure  so  that  the  furnace  gases 
actually  blew  out  through  cracks  in  the  masonry  and  thus  we  had 
a  case  of  gas  leakage  outward. 

There  is  no  necessity  for  emplo3dng  extraordinary  means  to  ob- 
tain tight  boiler  settings.  Long  experience  has  tauj^t  me  that  the 
material  we  have  been  employing  for  years,  if  properly  selected  and 
properly  erected  in  place,  will  produce  a  setting  that  for  all  practical 
purposes  is  tight  and  can  easily  be  made  to  remain  tight  for  years. 

It  is  the  duty  of  every  engineer  who  is  called  upon  to  install  boiler 
settings  to  study  the  stresses  and  strains  that  occur  in  boiler  masonry 
the  same  as  he  is  supposed  to  do  in  other  designing  work,  and  he  must 
also  study  the  widely  varying  qualities  of  the  various  materials  used 
so  as  to  make  and  secure  a  proper  selection.  Extreme  expansion 
and  contraction  are  constantly  occurring  in  nearly  every  part  of  a 
boiler  setting  and  they  must  be  properly  provided  for.  The  interior  of 
a  furnace  wall  may  be  subjected  to  a  temperature  of  2000  deg.  and 
running  upward  to  nearly  3000  deg.  fahr.,  while  its  exterior  is 
sometimes  subjected  to  a  freezing  temperature. 

What  can  we  expect  but  disintegration,  cracking  or  distortion  if 
provision  is  not  made  to  meet  these  conditions.  With  bridge  walls 
or  arches  heated  to  very  high  tempers^tures  and  expanding  against 
the  side  walls,  how  can  we  expect  such  walls  to  withstand  such  pres- 
sures without  cracking  unless  provision  is  made  to  reUeve  or  prevent 
such  thrusts  by  proper  arrangement  of  supporting  beams,  buck  stays, 
pockets  in  masonry,  or  other  means  properly  applied? 

The  average  mason  knows  little  or  nothing  about  laying  up  fire- 
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brick  work  and  bonding  it  properly  into  the  red-brick  exterior,  and 
yet  this  most  important  matter  is  often  left  to  such  men.  I  alwa3rs 
make  it  a  practice  to  specify  exactly  how  this  work  should  be  done. 

The  market  is  filled  with  most  undesirable  material  for  boilei 
setting  and  if  proper  refractory  material,  red  brick,  mortar,  fireclay 
or  high-temperature  cement  is  not  distinctly  specified,  the  poor  client 
simply  buys  his  trouble  and  adds  to  his  maintenance  account  when 
he  has  such  unsuitable  material  dumped  into  his  boiler  setting. 

Proper  provisions  must  be  made  for  relining  furnace  interiors 
without  damaging  other  parts  of  the  setting.  Provision  must  be 
made  for  supporting  the  boiler  securely  and  for  taking  care  of  the  ex- 
pansion and  contraction  of  the  boiler  itself,  and  the  greatest  care  must 
be  exercised  to  provide  ample  foundations  which  will  not  settle. 

12(h)     Is  Automatic  Air  Supply  Correctly  Proportioned  to  Coal 
Supply  Possible? 

M.  C.  M.  Hatch.  Theoretically,  such  control  of  the  supply  of 
air  necessary  for  combustion  would  seem  to  be  desirable.  There  is 
a  certain  amount  of  excess  air  which,  for  a  given  furnace  design, 
method  of  firing  and  nature  of  fuel,  will  give  the  best  results,  and  this 
excess,  expressed  as  a  percentage,  will  be  constant  throughout  the  en- 
tire range  of  fuel  rates,  from  lowest  to  highest. 

Accurate  control  of  the  air  for  any  method  of  burning  coal  on 
grates,  either  by  hand  or  by  stoker  firing,  is  more  or  less  difficult  and 
may  be,  and  probably  is,  impossible  imder  many  conditions.  The 
comparative  sluggishness  of  furnace  action  with  coal  thus  fired  to 
respond  to  rapid  variation  in  load  on  the  boiler  and  the  fact  that 
grates  will  clinker  or  ash  over,  changing  the  air-inlet  area  under  the 
fire,  account  in  large  measure  for  the  difficulties  encountered,  and 
these  faults  would  seem  to  be  inherent  in  grate  firing. 

Coal  burned  in  pulverized  form  offers  a  chance  for  development 
work  along  the  line  of  positive  air  control.  There  is  no  change  of 
air-inlet  area  to  the  furnace  caused,  automatically,  by  slagging  or 
ash  deposits.  The  excess  air  necessary  can  be  readily  determined  and 
is  materially  less,  on  account  of  intimate  mixture,  than  in  other 
methods  of  burning  coal,  hence,  for  a  given  fuel  rate,  the  total  amount 
of  air  to  be  controlled  is  reduced.  The  flexibility  of  the  furnace,  by 
which  is  meant  its  abiUty  to  respond  almost  instantaneously  to  vary- 
ing demands  upon  the  boiler,  is  very  pronounced,  and  this  again 
simplifies  the  problem. 
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Pulverized  coal,  fed  by  carefully-designed  screws  which  give 
practically  constant  delivery  per  unit  revolution  for  all  feeds,  affords 
ideal  conditions  for  standardization  work  in  furnace  operation.  It 
is  entirely  possible,  although  there  has  as  yet  been  no  attempt  made 
to  place  such  an  arrangement  on  a  commercial  basis,  that  the  position 
of  the  main  boiler  damper  and  of  the  dampers  in  the  induced-air 
pipes  may  be  synchronized  with  the  feed-screw  revolutions  in  such  a 
way  as  to  insure  constant  air-excess  percentage  at  all  furnace  outputs. 

12({)    Mi^xUaneatLS  —  School  Heating,  InstdaOon,  Smoke  Preven- 
tion 

J.  H.  Bradt  chief  engineer  and  superintendent  of  buildings  for 
the  Kansas  City  School  District  for  the  past  32  years,  contributed  a 
report  made  by  him  to  the  Board  of  Directors  of  the  School  District 
of  Kansas  City,  Mo.  This  report  is  given  in  great  detail  and  is  ex- 
tremely valuable.  It  contains  a  tabulated  statement  for  1916-1917, 
showing  the  cost  per  cubic  foot  for  heating  the  buildings  of  the 
school  district. 

There  are  88  pubUc  buildings  having  a  total  cubic  contents  of 
32,300,000  cu.  ft.  and  an  average  per  building  of  367,000  cu.  ft. 
More  than  half  the  buildings  contain  over  250,000  cu.  ft.  of  space  and 
several  are  much  larger.  The  cost  of  fuel  for  all  the  buildings  aver- 
aged 3.1  mills  per  cu.  ft.  The  figures  given  in  the  report  include  the 
fuel  furnished  the  custodians  of  the  buildings  for  their  residences, 
except  in  the  case  of  seven  buildings.  In  what  follows  is  a  brief 
summary  of  the  conclusions: 

Grouping  the  buildings  according  to  the  type  of  heating  plant 
used  gives  the  following  results: 

Group  No.  1,  steam  hot  blast,  using  fuel  oil,  average  cost  3.5 
mills  per  cu.  ft. 

Group  No.  2,  direct  radiation,  using  fuel  oil,  average  cost  3.6 
mills  per  cu.  ft. 

Group  No.  3,  steam  hot  blast,  using  coal  for  fuel,  average  cost 
2.8  mills  per  cu.  ft. 

Group  No.  4,  direct  radiation,  using  coal,  average  cost  2.9  mills 
per  cu.  ft. 

Group  No.  5,  frame  and  brick  buildings  heated  by  stoves,  average 
cost  4.1  mills  per  cu.  ft. 

Group  No.  6,  schools  heated  by  hot-air  furnaces,  using  coal,  aver- 
age cost  3.6  mills  per  cu.  ft. 
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Contrasting  two  of  the  buildings,  the  writer  states: 

"Central  High  School  shows  a  cost  of  2.7  mills  per  cu.  ft.  while 
Northeast  shows  a  cost  of  2.5  mills  per  cu.  ft.  The  cubic  contents  of 
Northeast  High  is  greater  than  Central  High,  and  the  difference  in 
the  cost  per  cu.  ft.  for  heating  the  two  buildings  is,  in  my  opinion, 
due  to  the  fact  that  Central  High  has  metal  frames  and  sash  while 
Northeast  has  wooden  frames  and  sash,  and  the  leakage  of  air  or 
wind  around  metal  sash  is  greater  than  with  wooden  sash.  Both 
these  buildings  use  coal  for  fuel.  As  a  rule  the  high  cost  of  heating 
certain  buildings  is  caused  by  metal  frames  and  sash,  while  in  other 
buildings  it  is  due  to  poor  construction,  taking  into  account  their 
age,  etc. " 

Another  point  is  the  fact  that  where  mechanical  ventilation,  or 
what  is  known  as  the  hot-blast  fan  system,  using  coal  for  fuel,  is 
installed,  the  cost  for  heating  per  cu.  ft.,  is  less  on  an  average  than 
the  others,  being  2.8  mills. 

The  fact  that  the  figures  for  schools  equipped  with  mechanical 
ventilation  run  less  than  for  those  not  so  equipped  may  be  attributed 
to  automatic  temperature  control.  The  invest  cost  per  cu.  ft.  is 
shown  where  stoves  are  used  for  heating,  being  4.1  mills. 

INSULATION 

G.  D.  Baglet.  The  insulation  of  heated  surfaces  to  conserve 
radiation  and  convection  losses  often  does  not  receive  the  attention 
which  it  deserves.  Such  insulation  is  necessary  regardless  of  the 
purpose  of  the  installation  or  the  method  of  heating.  Coverings  of 
the  proper  thickness  and  material  applied  to  power  plants,  chemical 
plants,  heating  systems,  etc.,  result  in  a  large  saving  in  coal  and  a 
high  rate  of  return  on  the  investment. 

The  losses  from  such  surfaces  range  from  2  to  10  B.t.u.  per  sq.  ft. 
per  hour  per  deg.  fahr.  temperature  difference  at  the  temperatures 
at  which  steam  is  used  and  amount  to  300  tons  of  coal  per  year  for 
every  1000  sq.  ft.  of  exposed  surface  at  100  lb.  steam  pressure. 

The  Mellon  Institute  of  Industrial  Research  of  Pittsburgh,  Pa., 
has  been  engaged  for  some  time  in  making  a  study  of  heat-insulating 
materials  for  the  Magnesia  Association  of  America,  and  in  order  to 
check  up  the  results  of  the  laboratory  work  under  practical  conditions 
a  set  of  tests  was  made  on  a  boiler  before  and  after  covering  with 
magnesia.^ 

'  For  a  more  complete  account  of  these  teste,  see  paper  No.  1660,  p.  667  of 
this  vohime. 
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The  tests  were  made  at  a  mine  at  Bnioetoiiy  Pa.,  in  conjunction 
with  the  Bureau  of  Smoke  Regulation  of  the  City  of  Pittsburgh.  The 
two  boilers  used  in  the  tests  were  of  the  locomotive  type,  60  and  80 
hp.,  fire  tubes  and  single  pass.  They  were  installed  on  concrete 
piers  without  coveringe.  The  total  uncovered  surface  was  675  sq.  ft. 
and  the  average  pressure  80  lb.  per  sq.  in. 

Each  test  covered  a  period  of  24  Hours.  The  firing  was  under  the 
supervision  of  the  Bureau  of  Smoke  Regulation  in  order  to  have  it 
as  consistent  and  r^^ular  as  possible.  The  coking  method  was  used, 
firing  the  coal  in  the  front  of  the  furnace,  leaving  the  fire  door  open 
for  a  short  time  after  each  firing,  and  breaking  the  coal  back  as  it 
coked.  This  method  of  procedure  resulted  in  nearly  smokeless  com- 
bustion of  the  fuel. 

During  the  first  test,  10,784  lb.  of  coal  were  used  and  58,000 
lb.  of  water  were  evaporated.  This  corresponds  to  a  rate  of  6.35 
lb.  of  water  from  and  at  212  d%.  fahr.  per  lb.  of  coal  as  faed. 

After  the  first  test  was  completed,  the  boiler  was  covered  with  1| 
in.  of  magnesia  blocks  and  plastered  with  magnesia  cement  and  a 
coat  of  hard-finish  cement  for  protection,  making  a  total  thickness  of 
about  2  in.  The  boiler  test  was  then  repeated,  taking  great  care  to* 
hold  the  load  at  the  same  values  as  during  the  first  test,  and  to  keep 
all  other  conditions  the  same. 

In  the  second  test,  59,500  lb.  of  water  were  evaporated  and 
d296  lb.  of  coal  consumed,  giving  a  rate  of  7.55  lb.  of  water  from  and 
at  212  deg.  fahr.  per  lb.  of  coal  as  fired  and  a  saving  of  1488  lb.  of 
coal  per  day. 

If  calculated  for  an  equal  water  evaporation,  the  saving  would  be 
1700  lb.  of  coal.  It  seemed  much  easier  to  hold  a  nearly  uniform 
pressure  after  the  boilers  were  covered  and  this  probably  accounts 
for  the  excess  of  the  measured  saving  over  that  calculated,  as  the  coal 
was  burned  more  uniformly  and  the  boiler  efficiency  was  higher. 

The  saving  in  coal  as  shown  by  this  test  amounted  to  about  15  per 
cent  of  the  coal  originally  burned.  The  per  cent  saving  will  vary 
with  the  amount  of  exposed  surfaces  in  proportion  to  the  capacity  of 
the  boilers.  The  losses  shown  by  the  test  are  those  due  to  heat  loss 
from  the  boiler  alone  and  do  not  take  into  account  the  losses  from 
the  pipe  lines  which  cause  condensation  and  wet  steam  in  addition 
to  wasting  coal. 

The  tests  show  that  the  losses  from  uninsulated  surfaces  are  large 
enough  to  amount  to  a  very  considerable  factor  in  the  total  coal 
consumption  of  the  country,  and  to  warrant  every  one  who  is  inter- 
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ested  in  the  conservation  of  fuel  in  seeing  that  all  surfaces,  however 
small,  are  properly  insulated. 

SMOKE   PREVENTION 

Victor  J.  Azbe.  In  regard  to  smoke  prevention,  if  we  would 
base  our  studies  upon  furnace  volume,  gas  velocity,  composition  of 
volatile  matter,  and  take  into  consideration  eddies  and  whirls,  dead 
space,  etc.,  we  soon  would  have  information  enough  collected  to 
design  furnaces  for  any  type  boiler  and  any  fuel  so  smoke  would  not 
be  produced.  That  most  furnaces  are  built  upon  unscientific  prin- 
ciples can  be  shown  by  a  study  of  gas  flow  with  a  fairly  accurate 
anemometer  in  a  cold  boiler  when  the  damper  is  open. 
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No.  1650 

SOME  ECONOMIC  ASPECTS  OF  FIRE- 
PROTECTION    PROBLEMS    AND 
HAZARDS  IN  WAR  TIMES 

T  J.  Donald  Pbtob^  and  Frank  V.  Sackbtt,*  Pbovidbnce,  R.  I. 

Non-Members 

Jii9  paper  seeks  to  point  out  the  hazards  involved  at  the  present  time  in  the  war 
if  five  great  essential  classes  of  industry,  namely : 

1  Metal  Workers 

2  Textile  MiUs 

3  Shipyards 

4  Flour  MiUs  and  Grain  Elevators 

5  PierSf  Wharves  and  Docks. 

Jie  engineering  problems  in  connection  with  the  adequate  protection  of  such 

ties  have  to  a  large  extent  been  solved  but  the  necessary  safeguards  are  lacking, 

to  a  failure  to  grasp  the  necessity  for  such  safeguards  or  to  economic  con- 

''^^iandard  aiUomatic-sprinkler  protection  is  the  most  dependable  means  of  safe- 
^  J        ^^^=^ing  these  various  classes  of  risks^  but  in  shipyards  and  piers  that  protection 
,      ^'^-^     is  not  enough,  but  must  be  reinforced  by  hydrant  systems,  certain  structural 
^*^^€S  and  the  organization  and  careful  training  of  private  fire  brigades. 

j_  -^-**^    its  essentials  the  fire-protection  problem  in  war  times  does  not 

^^^      ^^iiflFer  from  the  fire-protection  problem  in  peace  times.     It  is  true 

^^    war  conditions  aggravate  and  increase  ordinary  fire  dangers, 

.^^    the  means  found  most  efficacious  for  combating  them  in  normal 

^    are  still  most  efficacious. 


S    A  great  deal  has  appeared  in  the  daily  press  on  incendiary 

^^  set  by  German  agents,  and  the  colossal  amount  of  our  fire  losses 

^^'^    year  —  totaling  as  it  did  some  $250,000,000,  an  increase  of  more 

^^i:x  25  per  cent  over  normal  ^—  encouraged  the  belief  that  enemy 

^^ris  were  responsible  for  the  greater  part  of  our  staggering  con- 

^^t>\ation  to  the  fire  Moloch. 

*   General  Fire  Extinguisher  Company. 


Presented  at  the  Spring  Meeting,  Worcester,   Mass.,  June  1918,  of  The 
-^^erican  Society  of  Mechanical  Engineers. 
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3  Unquestionably,  enemy  agents  did  cause  heavy  fire  losses  — 
perhaps  $30,000,000,  but  according  to  the  National  Board  of  Fire 
Underwriters  certainly  not  more  than  this.  If  only  about  10  per  cent 
of  our  fire  losses  since  we  have  been  in  the  war  have  been  due  to  enemy 
aUens,  surely  our  attention  should  be  focused  on  some  means  of  stop- 
ping the  remaining  90  per  cent  of  the  losses  in  quite  as  ffreat  a  degree 
as  it  is  on  checking  enemy  spies. 

4  Last  year's  increase  in  the  fire  loss  is  readily  accounted  for 
when  we  realize  the  tremendous  speeding  up  of  industry,  the  employ- 
ment of  unskilled  labor,  night-and-day  operation  and  crowded  stor- 
age, all  of  which  have  been  part  and  parcel  of  our  participation  in  the 
world  conflict.  Compared  to  other  countries  these  considerations  are 
those  which  have  always  made  the  fire  losses  of  America  the  most 
amazing  piece  of  wastefulness  the  world  has  ever  seen. 

5  In  no  country  in  the  world  has  fire-protection  engineering 
in  the  way  of  appliances  for  fighting  fire,  either  manually  or  auto- 
matically, reached  so  high  a  degree  of  perfection  as  here.  No- 
where in  the  world  has  fire-resistive  construction  been  developed  to 
such  an  extent  as  here.  But  in  spite  of  this  our  fire  losses,  even 
in  peace  times,  are  staggering.  In  part  this  is  due  to  our  tremen- 
dous values.  In  some  measure  it  is  due  to  our  large-area  buildings 
and  high-speed  production,  and  in  great  measure  it  is  due  to  our 
carelessness. 

6  But  at  the  present  time  our  values  are  moimting  higher  and 
higher.  Production  is  being  speeded  as  never  before.  Surely  the 
answer  to  our  problem  cannot  be  found  by  correcting  either  of  these 
elements  in  the  situation,  for  we  positively  must  increase  supplies  and 
further  speed  up  production.  There  remains  for  us  only  one  way  in 
which  to  eflfect  the  cure  for  this  red  disease  which  is  sucking  our  re 
sources,  and  that  is  to  be  more  careful  that  fires  do  not  start  and  more 
careful  that  we  have  at  hand  the  means  for  putting  them  out  when 
they  do  start,  as  some  of  them  inevitably  will. 

7  The  usual  business  building,  be  it  manufacturing  plant, 
storage  warehouse,  dock,  pier  or  shipyard,  is  roughly  classified  by  the 
insurance  companies  as  being  protected  or  not  protected.  It  is  a 
curious  commentary  that  at  present  the  three  most  essential  daases 
of  property  in  our  country  are  those  least  protected.  They  are  in 
order  of  their  importance  as  follows: 

a  Shipbuilding  yards 

6  Flour  mills  and  grain  elevators 

c  Piers,  wharves,  docks  and  storage  warehouBQB. 
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There  are  two  other  great  classes  of  vital  industry  —  metal-working 
establishments,  including  foundries  and  machine  shops,  and  textile 
mills,  in  which  we  have  placed  cotton  mills,  full-process  knitting  mills 
and  woolen  mills. 

8  The  average  munition  works,  being  a  metal-working  risk, 
has  not  the  severe  hazard  of  the  forgoing  classes  of  risk,  and  yet  the 
fire  loss  among  the  metal  workers  is  in  itself  astoynding,  and  that 
industry,  while  its  largest  units  fall  into  the  protected  class,  Ims  many 
small  units  where  values  have  not  to  date  been  sufficient  to  induce 
owners  to  fully  protect  such  property.  Our  textile  mills  producing 
clothes  for  our  soldiers  are  the  best  and  most  completely  protected 
class  of  property  in  this  country,  and  probably  in  the  world. 

FIRE  PROTECTION  OF  HBTAL-WORKINQ  ESTABTiTRHMENTS  AND 

TEXTILE  MILLS 

9  Before  passing  to  a  consideration  of  the  fire-protection  prob- 
lem  of  the  three  unprotected  classes  of  essential  properties  noted 
in  Par.  7,  it  may  be  well  to  outline  briefly  the  fire-protection  equip- 
ment of  the  two  protected  classes  of  property,  namely,  metal-working 
establishments  and  textile  mills,  and  see  what  new  demands  the  war 
has  made  on  their  fire-fighting  facilities. 

10  The  increased  hazard  of  fire  in  metal-working  establishments 
has  to  do  almost  entirely  with  processes  incident  to  their  manufac- 
turing ammunition,  and  a  complete  outline  of  the  processes  involved 
is  almost  essential  to  the  thorougii  understanding  of  the  new  hazards 
involved.  Except  for  one  or  two  increased  hazards  in  the  treatment 
of  steel,  most  of  the  new  processes  where  serious  hazards  are  involved 
are  those  having  to  do  with  the  loading  of  the  shells  rather  than 
with  the  making  of  the  various  parts.  This  whole  matter  is  treated 
in  detail  in  a  paper  by  W.  D.  Milne,  Inspector  of  the  Underwriters 
Bureau  of  New  England,  in  the  Proceedings  of  the  National  Fire 
Protection  Association  for  1917. 

11  Perhaps  the  quickest  way  to  illustrate  the  comparative  safety 
of  most  large  metal-working  plants  from  ordinary  fire  danger  is  to 
briefly  review  an  investigation  made  a  year  ago  in  this  class  of  prop- 
erty. That  investigation  showed  that  the  average  insurance  rate 
paid  by  metal-working  concerns,  unprotected  by  automatic  sprink- 
lers, was  $1.47  per  $100,  and  that  the  average  rate  paid  by  these  same 
concerns  after  having  installed  automatic  sprinklers  was  20  cents  per 
$100,  a  reduction  of  86  per  cent  in  their  average  rate. 
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12  It  should  be  remembered,  however,  that  the  requirements 
made  by  the  insurance  companies  for  sprinkler  protection,  which  is 
the  main  dependence  of  all  of  these  concerns,  include  certain  other 
protection  devices  such  as  chemical  extinguishers,  oftentimes  hose 
and  hose  connections  and  the  installation  in  some  cases  of  fire  doors, 
the  closing  up  of  vertical  openings  and,  in  many  cases,  the  installatioD 
either  of  open  sprinklers  or  fire  shutters  to  guard  the  plants  from 
exposure  fires. 

13  Since  the  insurance  rate  is  invariably  the  truest  measure  of 
fire  danger,  it  is  readily  apparent  that  these  metal-working  plants 
which  have  automatic  sprinklers  and  other  auxiliary  protection  are 
about  as  safe  from  the  ordinary  fire  as  it  is  humanly  possible  to  make 
them. 

14  The  only  danger  from  ordinary  fires  in  these  protected  plants 
is  that  the  fire-fighting  equipment,  either  through  carelessness  or 
maliciousness,  may  become  impaired,  and  in  1917  there  were  several 
disastrous  fires  in  completely  protected,properties  due  to  water's  being 
shut  off  the  sprinkler  system. 

15  The  same  type  of  protection  that  is  enjoyed  by  these  metal 
workers  has  been  carried  to  its  ultimate  development  in  the  great 
textile  mills  of  the  country,  which  were  the  pioneers  in  installing 
automatic  sprinklers,  and  which  are  today  enjoying  rates  on  the 
average  of  from  7  to  10  cents  per  $100.  They,  just  as  the  large 
metal-working  establishments,  are  immune  from  ordinary  fire  dan- 
gers provided  their  fire-fighting  equipments  are  kept  in  working 
condition. 

KEEPING   SPRINKLER  SYSTEMS  EFFICIENT 

16  Unfortunately  the  fire-fighting  equipments  of  these  risks  are 
not  always  in  operative  condition,  and  naturally  the  cleverly  directed 
incendiary  would  take  care  to  see  that  the  sprinkler  equipment  was 
shut  off,  or  otherwise  put  out  of  order  before  applying  the  torch. 
This  danger  of  enemy  activities  and  also  the  fact  that  more  tmskiUed 
labor  than  ever  before  is  being  employed  in  both  these  classes  of  in- 
dustry, makes  it  particularly  worth  while  to  consider  in  addition  to 
sentries  and  watchmen  some  automatic  means  of  safeguarding  their 
fire-fighting  equipment,  which  equipment,  in  the  last  analysis,  is  auto- 
matic sprinklers. 

17  The  sprinkler-fire  tables  of  the  National  Fire  Flotection 
Association  show  that  out  of  19,000  sprinkler  fires  in  aO  classes  of  risk 
there  have  l^ecn  851  specified  by  the  insurance  companies  as  unsatw- 
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factory.    Of  these  851,  over  25  per  oentj,  or  230,  occurred  because  the 
water  was  shut  off  the  sprinkler  system. 

18  As  far  as  keepmg  the  sprinkler  service  in  all  classes  of  risk  in 
operative  condition  is  concerned,  and  particularly  as  r^ards  keeping 
the  service  intact  in  these  special  classes  of  risk,  the  most  absolute 
safeguard  is  what  is  known  as  sprinkler  supervisory  service.  This 
service  is  installed  and  maintained  by  the  American  District  Tele- 
graph Company  and,  briefly,  consists  of  having  the  vital  elements  in 
a  sprinkler  system  equipped  with  electric .  alarm  apparatus,  which 
automatically  transmits  a  code  signal  to  the  central  office  whenever 
anything  out  of  the  way  happens  to  the  sprinkler  system,  in  addition 
to  automatically  transmitting  an  alarm  to  the  control  station  in  case 
of  fire. 

19  For  instance,  as  r^ards  the  matter  of  water  being  shut  off 
the  system,  there  would  be  a  switch  placed  on  all  controlling  valves 
of  the  system,  and  if  any  of  these  valves,  either  through  malicious 
intent  or  carelessness,  were  closed,  the  A.  D.  T.  office  would  at  once 
receive  a  signal  of  such  closing  and  would  inunediatdy  send  a  runner 
to  correct  the  difficulty,  or  at  least  to  ascertain  if  the  owners  were 
aware  of  the  fact  that  their  fire  protection  was  impaired.  The  same 
general  type  of  device  can  be  appUed  to  other  elements  of  the  system, 
but  the  mere  equipment  of  controlling  valves  by  protecting  apparatus 
is  one  of  the  essential  precautions  which  war  conditions  impose  upon 
manufacturers  who  have  otherwise  adequately  safeguarded  them- 
selves against  having  their  production  stopped  and  thus  seriously 
interfering  with  the  country's  war  work. 

20  Where  supervisory  service  is  not  available,  or  for  financial 
reasons  will  not  be  considered,  the  importance  of  this  matter  as 
evinced  by  the  figures  above  quoted  warrants  the  stationing  of  a 
man  at  any  controlling  valve  of  a  sprinkler  system  which  is  closed  for 
any  reason  whatever,  and  the  keeping  of  that  man  there  until  the 
valve  can  be  again  opened  and  the  system  restored  to  service.  Theo- 
retically, if  this  stationing  of  men  were  religiously  carried  out  this 
problem  of  closed  valves  and  consequent  heavy  losses  in  protected 
properties  could  be  avoided;  but,  unfortunately,  the  hmnan  element 
is  such  that  this  plan  can  never  be  considered  as  the  ultimate  answer 
to  the  problem. 

21  The  other  chief  causes  of  so-called  sprinkler  failures  are  gener- 
ally defective  equipment  or  water  supplies  and  unsprinklered  sections, 
these  causes  contributing  279,  or  32  per  cent,  of  the  851  so-called 
sprinkler  failures  in  all  classes  of  risk.    For  the  most  part  defective 
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equipments  are  those  installed  in  the  very  early  days  of  the  sprinkler 
business,  before  the  present  standards  of  appUances  and  installation 
were  reached,  and  engineers  should  take  care  to  thoroughly  investigate 
the  equipment  in  plants  in  which  they  are  interested  to  see  that  it 
is  in  every  way  up  to  standard. 

22  The  matter  of  imsprinklered  sections  has  always  been  a 
bothersome  one  and  it  is  particularly  so  in  metal-working  risks,  be- 
cause to  the  layman  there  are  a  great  many  sections  of  such  plants 
where  it  seems  almost  impossible  for  a  fire  to  start  and  gain  headway. 
But  it  should  be  remembered  that  no  man  can  tell  when  and  where  a 
fire  will  start,  and  that  as  far  as  the  ordinary  sprinkler  equipment  is 
concerned,  an  unsprinklered  section  acts  to  all  intents  and  purposes 
as  a  severe  exposure  hazard;  and  in  this  time,  when  metal  production 
is  so  necessary,  every  safeguard  should  be  taken  to  see  that  such 
production  is  not  stopped. 

23  While  it  is  true  that  the  larger  metal-working  establishments, 
including  automobile  factories,  are  completely  safeguarded  by  auto- 
matic sprinklers,  it  still  remains  a  fact  that  there  are  a  host  of  smaller 
establidmients  in  this  industry  which  are  not  so  protected.  The 
products  of  these  smaller  factories  are  often  used  in  the  larger,  and 
patriotism  demands  that  they  should  be  protected  against  fire.  Just 
remember  that  since  1908  nearly  sixty  miUion  dollars  in  unprotected 
metal-working  risks  have  been  destroyed  by  fire,  and  the  necessity  of 
further  protecting  the  smaller  units  of  this  industry  becomes  obvious. 

THE  SHIPBUILDING   INDUSTRY 

24  In  general,  there  are  two  great  classes  of  shipyards:  (a)  ship- 
yards Uke  the  Bethlehem  plant  at  Squantum,  where  the  building  ways 
and  the  slips  are  completely  enclosed,  and  (6)  the  smaller  3rards 
where  the  ways  are  built  in  pairs  with  a  runway  between,  and 
where  there  is  seldom  a  roof  over  the  ways,  and  practically  never 
enclosing  side  walls.  In  the  first  type  of  yard  the  fire-protection 
problem  is  in  most  respects  similar  to  the  equipment  of  any  large 
metal-working  establishment  or  combination  wood-  and  metal- 
working  risk. 

25  The  more  common  type  of  shipyard,  especially  on  the  Pacific 
Coast  and  on  inland  waters  in  the  eastern  part  of  the  United  States, 
consists  of  office,  storehouse,  carpenter  shops,  etc.,  and,  idiere  steel 
ships  are  being  constructed,  machine  shops.  These  buildings  are 
immediately  above  the  ways  and  are  usually  of  light  wooden  con- 
struction, generally  one  story  high  with  a  peaked  roof,  and  sometimes 
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a  concealed  space.    The  drivewajTS  and  yards  leading  down  to  the 
shipyards  are  often  planked. 

26  The  shipwa3rs  themselves  are  dose  to  the  water's  edge  and 
ar^  arranged  in  pairs,  each  pair  being  separated  by  wooden  plat- 
fonns  or  piers.  These  platforms  on  the  land  side  are  nearly  the  ship's 
depth  lower  than  the  completed  hull  and  a  wooden  stairway  leads  to 
an  overhead  platform  or  runway  between  each  pair  of  ways.  The 
timbering  of  the  ways  sometimes  supports  a  Ught  roof  to  protect  the' 
workmen,  but  the  sides  are  practically  never  enclosed. 

27  Obviously,  this  type  of  yard  is  a  very  serious  fire  risk,  for 
almost  invariably  there  is  a  strong  wind  blowing  on  the  water  and  a 
fire  starting  at  one  end  of  the  yard  might  wdl  wipe  out  tiie  whole 
enterprise  in  short  order.  Obviously,  also,  no  scheme  of  protection 
can  be  devised  which  will  invariably  and  infallibly  protect  such  a 
plant,  as  it  is  impossible  to  expect  automatic  sprinklers  to  protect 
adequately  the  open-sided  roofs  of  the  ways  where  there  is  a  roof,  and 
sprinklers  cannot  be  installed  advantageously  in  the  timbered  run- 
ways. 

28  He  plan  which  has  met  with  the  greatest  favor  in  safe- 
guarding shipyards  of  this  type  is  to  run  a  large  water  main  the  whole 
length  of  the  yard  between  the  shipways  and  the  buildings.  The 
buildings  are  then  completely  sprinklered  and  feed  mains  are  run 
from  the  large  main  down  each  platform,  between  each  pair  of  wa3rs, 
and  hydrants  are  installed  wfth  an  ample  supply  of  hose  so  that  fire 
on  a  burning  way  or  ship  can  be  fought  from  both  sides.  Usually 
two  hydrants  on  the  platform  are  considered  sufi&cient.  An  improve- 
ment on  this  plan  would  be  to  install  a  standpipe  with  hose  connec- 
tion, which  could  be  operated  from  the  overhead  platform  above  the 
lower  working  pier.  This  would  provide  vantage  ground  for  fighting 
fires  in  the  holds  of  ships  partially  completed  without  the  delay  of 
dragging  a  hose  line  up  the  stairway. 

29  In  shipyards  where  wooden  ships  are  being  constructed  and 
where  consequently  there  is  an  enormous  amount  of  lumber  stored, 
the  risk  approximates  that  of  the  ordinary  lumber  yard.  Such  lumber 
yards  should,  of  course,  ha\e  adequate  protection  in  the  shape  either 
of  a  complete  hydrant  system  or,  better  still,  a  system  of  standpipe 
monitor  nozzles.  The  monitor  nozzle  is  supported  by  a  concrete 
pole  having  a  platform  at  the  top  where  is  located  a  switchbox  for 
starting  the  automatic  pump.  These  nozzles  have  been  used  in  a 
considerable  number  of  car-storage  yards  and  have  given  splendid 
satisfaction. 
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30  Briefly,  this  system  consists  of  a  series  of  standpipes  about 
24  ft.  high,  each  carrying  a  monitor  nozzle  and  a  platform  at  the  top. 
The  standpipes  are  spaced  about  90  ft.  apart,  and  such  spacing  allows 
the  nozzles  to  absolutely  command  any  fire  in  the  protected  area.  A 
ladder  leads  from  the  ground  to  the  platform  so  that  one  man  can 
quickly  get  the  nozzle  into  operation  and  by  reason  of  a  set  screw 
direct  it  on  the  fire  and  then  proceed  to  set  another  nozde  into 
operation,  thus  effectually  attacking  the  blaze  from  several  stand- 
points. 

31  The  initial  water  supply  to  this  system  can  as  a  rule  be  taken 
from  the  mains  which  feed  either  the  sprinkler  S3rstem  or  the  shipway 
hydrant  system,  but  in  addition  to  this  there  should  be  a  fire  pump 
taking  suction  either  from  city  water,  a  reservoir  or  any  other  large 
supply  such  as  a  pond  or  river.  The  pmnp  is  controlled  by  a  switch 
on  the  platform  of  the  standpipe  so  that  after  the  primary  supply  has 
been  started  there  may  be  no  delay  in  providing  the  extra  pressure 
which  such  sweeping  outdoor  fires  require. 

32  At  the  base  of  each  standpipe  there  is  a  post  indicator  valve 
which  the  operator  opens  before  he  goes  to  the  platform.  In  con- 
nection with  this  valve  there  is  also  a  drain  which  should  alwajrs  be 
left  open  when  the  nozzle  is  not  in  use,  so  that  there  may  be  no  water 
left  in  the  standpipe.  This  insures  against  freezing,  which  is  one  of 
the  serious  faults  of  the  usual  hydrant  system. 

33  The  thought  naturally  occurs  that  the  yards  building  wooden 
ships  would  be  much  more  hazardous  than  the  yards  building  steel 
ships.  But  this  is  not  always  the  case,  because  the  constant  dropping 
of  red-hot  rivets  in  steel  ship  construction  on  the  wooden  platforms 
causes  many  fires  and  the  underwriters  feel  that  the  danger  is  practi- 
cally equal  to  the  danger  in  the  yards  building  wooden  ships. 

34  Obviously,  the  various  types  of  system  above  outlined  for 
protecting  the  ways  are  largely  dependent  upon  hmnan  activity,  and 
the  importance  of  the  shipbuilding  program  would  seem  to  warrant 
the  yards  in  having  specially  trained  men  to  handle  their  fire-fiighting 
apparatus. 

35  The  fire  brigades  organized  in  a  great  many  of  the  factories 
insured  under  the  mutual  system  or  with  the  Factory  Insurance  Asso- 
ciation arc  extremely  efficient  and  no  better  plan  could  be  followed  by 
the  shipyards  than  to  adopt  these  same  measures,  because  a  lot  of 
untrained  men  with  a  long  length  of  writhing  hose  will  succeed  in 
making  themselves  ridiculous  about  as  often  as  they  will  succeed  in 
making  the  fire  so. 
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FLOUB  MlUiS  AND  GRAIN  ELEVATORS 

36  Next  in  importance  to  the  active  prosecution  of  our  shipbuild- 
ing program  is  the  production  and  conservation  of  foodstuffs,  par- 
ticularly wheat.  France  and  England  are  now  on  short  wheat  rations' 
and  we  ourselves  have  had  to  curtail  om:  consumption  seriously.  But 
in  spite  of  this  tremendously  grave  situation,  the  National  Board  of 
Fire  Underwriters  declares  that  we  bum  up  wheat  in  grain  elevators 
and  flour  mills  at  the  rate  of  about  $10,000,000  annually,  the  total 
destruction  of  foodstuffs  running  to  about  $25,000,000  a  year. 

37  That  this  rate  of  burning  can  be  vetry  greatly  cut  down  by 
adequate  protective  measures,  the  chief  of  which  is  automatic-sprinkler 
protection,  is  clearly  evinced  by  a  study  of  the  sprinkler-fire  records 
and  by  a  comparison  of  the  fire-insurance  rates  on  such  properties 
before  and  after  protection. 

38  The  records  of  the  National  Fire  Protection  Association, 
covering  70  fires  in  flour  and  cereal  mills  protected  by  automatic 
sprinklers,  show  that  in  54.3  per  cent  of  the  cases  the  fires  were  com- 
pletely extinguished  by  the  sprinklers  and  that  in  37.2  per  cent  of  the 
cases  the  fires  were  successfully  held  in  check.  Of  the  so-called  un- 
satisfactory fires  making  in  all  8.5  per  cent  of  the  total,  half  were  due 
to  partial  sprinkler  installation  or  exposure  fires,  leaving  only  3  fires 
out  of  the  70  where  the  type  of  construction  was  such  as  to  handicap 
proper  sprinkler  performance,  or  where  the  hazard  was  too  severe 
for  the  ordinary  sprinkler  system. 

39  The  same  records  show  for  grain  elevators  a  total  of  52  fires, 
38.5  per  cent  of  which  were  completely  extinguished  by  the  sprinklers 
and  32.7  per  cent  successfully  held  in  check.  Out  of  the  remaining 
so-called  unsatisfactory  fires  there  were  only  6  where  the  hazard  of 
occupancy  or  the  nature  of  the  building  was  such  as  to  make  im- 
satisfactory  the  performance  of  automatic  sprinklers. 

40  This  record  shows  why  the  average  insurance  rate  on  flour 
mills  and  grain  elevators  before  the  installation  of  automatic  sprinklers 
and  other  protective  devices  is  $3.03  per  $100  and  why  after  such 
protection  it  is  $1.01  —  a  66f  per  cent  reduction.  There  is  no  doubt 
but  that  the  hazards  involved  in  this  class  of  property  are  many  and 
severe,  not  only  as  applied  to  the  processes  carried  on  but  on  accoimt 
of  the  general  nature  of  the  construction. 

41  One  of  the  greatest  hazards  in  flour-mill  operation  is  in  the 
fast-running  machines  and  in  the  processes  of  cleaning  and  reducing 
the  grain.    Nails  and  bits  of  wire  are  often  drawn  into  the  separator 
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and  cause  sparks^  resulting  frequently  in  dust  explosions.  In  this 
connection  a  report  made  many  years  ago  is  of  interest.  On  May  2, 
1878,  the  Washburn  Flour  Mills,  Minneapolis,  were  wrecked  by  an 
explosion.  A  commission  investigated  and  tested  flour  and  coal 
dust.  It  was  concluded  that  ''all  finely  divided  carbonaceous  ma- 
terial will  explode." 

42  The  great  number  of  elevators  and  conveyors  running  re- 
spectively vertically  and  horizontally  through  the  plant  make  an 
enormous  addition  to  the  fire  risk.  The  chances  for  fire  to  get  a 
good  start  and  to  spread  rapidly  are  so  great  that  automatic  sprinklers 
are  placed  somewhat  differently  from  the  method  used  in  the  ordinary 
factory  building.  The  heads  below  the  ceiling  are  spaced  according 
to  the  usual  standard,  though  frequently  a  little  closer  together. 
Around  the  elevators  they  are  spaced  as  closely  as  they  can  be  put 
without  interfering  with  each  other.  They  are  also  placed  as  near 
as  possible  to  the  elevator  legs.  The  latter  act  in  case  of  fire  as  veri- 
table flues.  To  offset  this  an  automatic-sprinkler  head  is  placed  at 
the  top  of  the  elevator  head  inside  the  hood.  The  entire  volume  of 
water  from  this  head  would  be  discharged  down  the  elevator  leg  and 
deluge  any  fire  within  it. 

43  Freight  and  passenger  elevators  and  stairways  make  another 
great  hazard,  and  sprinklers  are  placed  close  to  the  elevator  wells 
and  under  all  stairways.  Sprinklers  are  also  placed  at  the  top  of  the 
elevator  shaft  to  protect  the  machinery,  while  the  great  number  of 
nooks,  crannies  and  other  out-of-the-way  places  in  such  a  building 
all  have  to  be  adequately  protected. 

44  The  protection  of  the  storage  bins  in  the  elevator  section  of 
the  plant  is  a  problem  in  itself.  In  cases  where  the  bins  are  sub- 
divided at  the  various  floors,  the  same  ceiling  arrangement  of  sprink- 
lers is  adopted  as  in  the  mill  building  itself.  In  some  installations, 
particularly  where  the  storage  is  arranged  in  the  form  of  sQos,  addi- 
tional heads  are  placed  beneath  the  floors  of  the  silos,  as  well  as  in  the 
space  between  the  walls  and  the  sides  of  the  sUos. 

45  A  considerable  percentage  of  unsatisfactory  sprinkler  fires  in 
this  class  of  risk  were  made  imsatisfactory  by  vertical  openings  or 
faulty  construction.  The  maximum  sprinkler  efficiency  cannot 
be  expected  where  the  automatic  sprinklers  are  at  a  disadvantage 
with  regard  to  distribution  of  water  or  rapid  spread  of  firei  such  as 
is  produced  by  vertical  openings,  flimsy  construction  or  concealed 
spaces  sheathed  in  wood.  All  of  these  elements  tend  to  spread  a  fire 
rapidly  and  should  be  avoided  in  every  case  possible. 
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46  In  spite  of  the  fact  that  sprinkler  protection  obviously 
minimizes  the  dang^  of  fire  in  flour  mills  and  in  spite  of  the  fact 
that  insm^mce  rates  are  so  largely  reduced  for  such  installation, 
there  are,  comparatively  speaking,  but  few  of  this  class  of  risk  under 
protection.  The  very  large  mills  almost  invariably  have  such  pro- 
tection, as  do  the  elevators  in  connection  with  them.  But  up  to  the 
present  time  economic  considerations  have  prevented  carrying  this 
protection  into  smaller  nullsy  country  elevators  and  terminal  eleva- 
tors on  the  wholesale  basis  that  the  hasard  and  irreplaceable  values 
at  stake  demand. 

47  A  great  number  of  these  smaller  miUs  are  located  in  sections 
where  there  is  no  adequate  dty  wator  supfdy  and  the  consequent 
expense  of  tanks  in  connection  with  the  equipment  has  worked  to 
keep  these  properties  unprotected;  for  business  men  seem  invariably 
to  demand  that  as  far  as  fire  protection  ia  concenied  thqr  must  be 
shown  a  very  large  and  attractive  investment  throug^i  insurance 
savings  or  else  they  will  not  install  the  equipment. 

48  In  the  country  grain  elevators  the  same  condition  applies 
as  regards  water  supplies  and  in  addition  the  grain  stored  in  the 
elevators  is  in  many  cases  not  owned  by  the  same  parties  who  own 
the  elevator.  Moreover,  it  is  usually  stored  for  a  period  of  only 
three  to  five  months.  This  combination  of  circumstances  and  the 
seeming  inability  of  the  owners  of  the  grain  and  the  owners  of  the 
elevator  to  get  together  on  a  cooperative  basis  has  worked  to  create 
a  financial  barrier  against  the  equipment  of  these  properties  with 
automatic  sprinklers. 

49  As  regards  the  great  terminal  elevators,  the  question  is  not 
one  of  water  supplies  as  these  are  in  most  cases  available.  E2ven 
where  they  are  not,  the  values  at  stake  are  so  great  that  the  savings 
by  reason  of  sprinkler  equipment  would  pay  for  the  systems  in  a 
comparatively  short  time.  The  trouble  here  is  an  exaggerated  case 
of  the  same  thing  that  exists  in  the  country  elevators,  namely,  that 
the  elevator  owners  and  operators  do  not  own  all  the  grain  being 
stored  or  in  process.  Since  the  great  value  at  stake  is  in  the  grain 
itself,  and  since  owners  of  the  grain  cannot  see  why  they  should 
spend  their  money  to  improve  an  elevator  which  they  do  not  own, 
enormous  quantities  of  irreplaceable  food  values  are  at  the  mercy  of 
fire  in  one  of  the  most  hazardous  classes  of  risk. 

50  While  the  engineering  problems  involved  are  a  Uttle  more 
difficult  than  ordinary,  they  have  been  satisfactorily  solved  and  the 
protection  of  these  properties  is  held  up  for  financial  reasons  rather 
than  on  account  of  engineering  considerations. 
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SEAPORT   PROBLEMS 

51  One  needs  but  to  visit  any  great  Atlantic  seaport  today  to 
see  almost  unbelievable  quantities  of  supplies  congested  in  piers, 
wharves  and  storage  warehouses  for  shipment  abroad.  Our  seaports 
are  literally'packed  with  vital  necessities  for  France.  No  better  idea 
of  the  fire  hazards  incident  to  such  seaport  congestion  can  be  ^ven 
than  to  quote  from  a  book  written  by  Fire  Chief  John  Kenlon  of 
New  York,  who  perhaps  has  had  more  experience  in  fighting  water- 


Fia.  1     General  View  or  Couuonwealth  Pibr,  Boston,  Mabs.,  SHOwna 
MmcELLANEous  Freiobt.    Note  Pabticulably  the  Balis  or  Cottom 

front  fires  than  any  other  man  in  America.     Here  is  wh&t  he  says 
of  fire-protection  problems  in  American  seaports: 

The  sheds  or  wharves,  common  to  America,  form  about  the  most  (Uagerau* 
structures  of  their  kind  in  existence.  Built  on  woodfo  piles,  with  wooden  tuptr- 
struclurcs,  they  are  comparable  to  nothing  but  horisontal  flues,  thrau^  which 
flames  rush  with  a  lightning  rapidity,  rendering  abortive  any  efforts  oo  tbe  part 
of  the  fire  department  unless  the  greatest  promptitude  is  shown  by  all  ooooonwd, 
and  demanding  the  use  of  fireboata  with  apecially  deaigned  and  exttmordinaiily 
IHDwerful  equipment.  Fill  Iheee  sheds  with  every  sort  of  combustiMe  material 
iinaginable:  hogsheads  of  resin,  bales  of  cotton,  crated  furniture,  bwreli  ot  pitch, 
stacks  of  dry  goods,  and  such  unconsidered  trifles  as  a  few  boKee  ot  odlaloid  toys 
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and  novelties,  and  can  the  mind  of  man  conceive  a  collection  of  heterogeneous 
merchandise  more  calculated  to  provide  the  wherewithal  for  a  conflagration  and 
matter  enough  to  assuage  the  thirsty  pens  of  all  the  newspaper  reporters  in  the 
town?    Yet  this  represents  an  every-day  condition  in  an  American  port,  and  it 

« 

is  perforce  necessary  not  only  to  guard  this  property  but  to  calculate  the  even 
more  important  risk,  namely,  should  fire  occur,  the  danger  of  its  spreading  to 
adjacent  dwellings. 

FIRE  PROTECTION   OF  PIERS 

52  The  protection  of  pier  properties  involves  special  hazards 
which  require  special  attention  and  constant  following  up  and  on 
account  of  the  extreme  importance  of  this  matter,  we  outline  briefly, 
in  detail,  the  conditions  found  on  piers. 

53  Constnuiion.  Construction  varies  to  a  considerable  extent, 
but  the  tendency  of  the  past  few  years  has  been  to  improve  the  type 
of  buildings  used  for  this  purpose.  In  general,  piers  consist  of  one- 
story  corrugated-iron  buildings  supported  on  wooden  frames  and 
wooden  piles.  Sometimes  they  are  two-story  buildings,  but  always 
with  high  ceilings  and  large  openings  in  the  sides  for  loading  purposes. 
Almost  invariably  they  connect  by  unprotected  openings  with  ad- 
joining bulkhead  buildings  of  ordinary  construction  and  considerable 
size. 

54  Area.  One  of  the  worst  features  of  piers  is  their  large  area, 
which  is  all  open  and  subject  to  heavy  drafts.  Very  seldom  are  these 
areas  broken  up  by  dividing  walls,  and  unquestionably  some  good 
could  be  accomplished  along  these  lines.  While  some  objection  might 
be  made  to  this  arrangement  on  the  ground  that  it  would  interfere 
with  operations  on  the  pier,  it  should  be  noted  that  piers  with  divid- 
ing walls  are  being  satisfactorily  operated. 

55  Accessibility.  From  the  very  nature  of  piers,  they  are  less 
accessible  than  ordinary  buildings.  Their  location  near  railroad 
terminals  or  on  waterfronts  means  a  frequent  delay  on  accoimt  of 
congested  traflSc  conditions.  Furthermore,  the  ordinary  building  is 
accessible  to  firefighters  from  all  four  sides,  while  piers  are  accessible 
only  from  one  side,  and  that  is  always  the  shortside.  Approach  from 
the  water  sides  may  be  cut  off  by  barges  blocking  the  slips,  and 
regulations  should  be  made  to  keep  these  slips  clear  so  that  fire  boats 
can  approach  from  all  sides. 

56  Occupancy.  The  handling  and  storage  of  all  sorts  of  sup- 
phes,  from  dangerous  chemicals  to  aeroplanes,  which  must  be  received 
in  whatever  condition  they  are  delivered  by  the  transportation  com- 
panies, is  a  dangerous  operation.     Furthermore,  there  is  a  constant 
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change  in  the  kind  of  material  passing  through  from  day  to  day, 
and  this  changing  in  itself  produces  a  hazard,  as  elements  that  may 
be  safe  enough  in  themselves  are  frequently  brought  in  contact  with 
other  elements  which  may  cause  them  to  be  dangerous.  Undoubtedly 
one  of  the  worst  features  about  this  miscellaneous  stock  is  the  trouble 
with  broken  packages  and  containers,  and  the  constant  spilling  of 
the  various  contents  about  the  pier,  where  they  may  cause  trouble 
later  on. 

57  Hazards.  The  hghting  and  heating  hazards  are  about  the 
same  as  in  the  ordinary  building  and  apparently  weU  taken  care  of, 
but  of  coiu^e  they  must  be  continually  followed  up. 

58  Smoking.  No  matter  what  regulations  there  are  regarding 
smoking,  it  is  a  hard  matter  to  handle.  The  danger  from  this  source 
is  always  present  and  the  only  remedy  is  to  keep  after  the  matter 
and  treat  offenders  severely. 

59  Help.  The  scarcity  of  labor  has  resulted  in  the  emplo3rmeDt 
of  undesirable  and  irresponsible  help.  It  is  a  case  of  that  or  nothing, 
and  certainly  results  in  an  increased  hazard  in  handling.  These  men 
are  not  efficient,  and  are  not  trained  in  matters  of  fire  protection  as 
well  as  in  ordinary  times.  There  is  no  remedy  for  this  condition 
except  a  careful  and  continual  watching  of  these  men. 

60  Exposures.  Piers  are  subject  to  exposure  fires  not  only  from 
adjoining  frame  structures  on  land  and  other  piers  but  also  from 
vessels  along  side  and  floating  material  from  other  fires  in  the  vicinity. 
They  are  much  more  susceptible  to  exposure  fires  than  ordinary  prop- 
erty because  the  high  winds  prevaiUng  on  the  waterfront  carry  flying 
brands  greater  distances  and  fan  these  incipient  fires  wherever  they 
start.  An  excellent  illustration  of  this  feature  was  the  Jarvis  fire  on 
the  Jersey  City  waterfront,  which  spread  across  the  river  to  a  pier  in 
New  York.  The  vessels  alongside  and  in  the  harbor  are  also  hazards 
because  the  employees  on  board  are  careless  about  fire-protection 
matters  and  are  not  under  restraint  by  the  pier  owners.  Frequently 
boats  containing  dangerous  contents  catch  on  fire  and  th^  may  ex- 
pose several  piers  in  the  same  harbor. 

61  Fire  Protection.  Too  much  emphasis  cannot  be  placed  upon 
the  necessity  and  importance  of  ample  water  supply  for  fighting  pier 
fires,  and  yet  during  this  last  winter  a  large  section  of  the  Jersey  City 
waterfront  was  greatly  endangered  by  low  pressure  in  the  dty  mains. 
Reliable  reports  indicate  that  at  the  time  of  the  coal  shortage  and 
very  cold  weather  the  city  pressure  at  many  points  near  pier  property 
was  under  10  lb. 
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62  This  danger  was  somewhat  offset  by  good  private  supplies, 
but  it  simply  indicates  how  bad  things  can  get  when  not  properly 
followed  up.  The  size,  location  and  condition  of  all  mains  and  out- 
side fire  hydrants  are  matters  that  must  have  continual  attention, 
or  they  are  hable  to  fail  during  an  emergency.  Instances  of  this  kind 
have  already  occurred. 

63  iNsroE  Standpipe  and  Hose.  For  instant  use  with  incipient 
fires  and  to  hold  them  imtil  the  fire  department  arrives,  proper 
standpipe  and  hose  connections  are  essential  and  are  generally  pro- 
vided. It  appears,  however,  that  this  form  of  protection  is  open  to 
some  objections  not  common  in  other  property,  namely: 

a  Subject  to  freezing,  as  shown  by  many  cases  that  happened 

last  winter 
b  Liable  to  be  used  by  crews  of  boats  alongside  for  purposes 

other  than  fire  and  damaged  or  left  out  of  condition  by 

them 
c  Frequently  inaccessible  or  blocked  by  piling  of  goods  too 

near  hose  racks 
d  Control  valves  are  necessarily  located  out  of  reach,  and 

when  the  operator  finds  the  fire  too  severe  he  is  liable  to 

run  without  stopping  to  close  the  valve,  allowing  the 

waste  of  water  when  most  needed 
e  Condition  of  piping  where  salt  water  is  used  frequently 

requires  special  attention  on  account  of  barnacles,  pitting, 

etc.    The  only  remedy  for  these  conditions  is  constant 

inspection  and  frequent  tests  of  the  apparatus. 

64  Extinguisher  Pails  and  Casks.  The  value  of  this  form 
of  protection  lies  in  the  fact  that  every  one  knows  how  to  use  pails 
and  casks,  and  if  •used  in  time  they  may  save  loss.  They  must  be 
looked  after  frequently  to  see  that  they  are  ready  for  instant  use. 

65  Watchmen.  The  importance  of  having  strong,  alert  young 
men  is  becoming  more  apparent.  When  it  is  remembered  that 
every  night  the  entire  protection  of  great  value  is  solely  dependent 
upon  their  good  judgment  and  faithful  efforts  in  a  monotonous  job,  it 
will  be  understood  that  first-class  men  must  be  employed.  It  is  also 
advisable  to  have  a  watchmen's  checking  system  and  they  must  be 
thoroughly  instructed  in  detection  and  fighting  of  fire. 

66  Fire  Alarms.  Both  city  and  local  fire  alarms  are  desirable. 
The  important  thing  is  to  give  the  alarm  promptly  upon  the  discovery 
of  the  fire  as  assistance  cannot  be  rendered  too  soon.     For  some  reason 
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or  other  there  seems  to  be  more  trouble  with  delayed  alarms  in  con- 
nection with  pier  fires  than  with  other  classes  of  property,  and  too  much 
importance  cannot  be  laid  upon  the  necessity  of  early  alarms  for  pier 
fires.  Local  fire  gongs  operated  from  the  same  box  are  desirable  for 
the  purpose  of  notifying  all  employees  immediately,  and  furnish  the 
best  method  of  drilling  them. 

67  Fire  Brigade.  A  well-trained  fire  brigade  is  a  very  great 
advantage  because  these  men  are  constantly  on  hand  and  available. 
Their  jobs  depend  upon  getting  the  fire  out.  Further,  on  account  of 
their  familiarity  with  the  property  and  the  fire-fighting  apparatus, 
they  are  able  to  get  at  the  trouble  very  quickly.  Surprise  tests  should 
be  made  by  the  owners  frequently  to  see  whether  they  are  properly 
responding  to  alarms. 

68  Automatic  Sprinklers.  The  value  of  these  systems  is  well 
known  and  where  properly  maintained  there,  is  no  question  as  to 
their  efficiency.  Pier  conditions  require  special  consideration,  as 
follows: 

a  They  must  be  dry  systems  because  the  piers  are  not 
heated 

b  High  ceilings  and  particularly  draft  conditions  make  neces- 
sary curtain  boards  to  bank  the  heat  at  sprinkler  heads 
for  high  efficiency 

c  Extra  heavy  water  suppUes  are  required  because  of  the 
large  area  subject  to  one  fire 

d  Outside  sprinklers  are  sometimes  necessary  to  protect  from 
exposure  fires  on  vessels,  etc.,  that  may  be  alongside  of 
the  pier 

e  Sprinkler  supervisory  service  for  the  purpose  of  auto- 
matically calling  in  the  fire  department  whenever  a  fire 
starts 

/  Proper  housing  for  mains  and  dry  valves  to  prevent  freezing 
during  cold  weather. 

69  Considering  the  serious  hazards  in  pier  property,  it  is  a 
surprising  fact  that  only  a  comparatively  few  piers  have  been  pro- 
tected with  automatic  sprinklers.  For  example,  out  of  some  150  piers 
in  Manhattan  we  find  only  one  or  two  with  standard  sprinkler 
equipments.  Brooklyn  makes  a  better  showing  with  18  sprinkler 
equipments  and  New  Jersey  with  about  a  half  dozen.  In  the 
entire  country  there  are  only  about  sixty  piers  safeguarded  with 
sprinklers. 
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70  We  find  that  it  is  practically  the  unanimous  opinion  of  all  the 
fire-protection  engineers  that  sprinkter  systems  a£ford  the  best  possible 
protection  for  this  class  of  property,  and  many  of  them  belieye  it  to 
be  the  only  satisfactory  form  for  their  particular  conditions. 

.71  Mr.  E.  P.  Boone,  of  the  New  York  Fire  Insurance  Exchange, 
has  had  more  experience  with  sprinklered  piers  than  any  one  else  in 
the  country,  and  he  is  an  enthusiastic  beUever  in  sprinJder  ssrstems 
for  piers.  His  experience  covers  a  number  of  actual  fires  whidi  have 
resulted  in  only  nominal  loss  to  the  propAiy  on  account  of  the  quick 
action  of  the  sprinklers.  Figg.  2  and  3  give  a  good  idea  of  the  way 
Mr.  Boone  adapts  sprinkler  protection  to  the  special  conditions 
existing  on  a  pier.  Large  open  areas  are  broken  into  sections  by 
special  curtain  boards  coming  down  from  the  ceiling  wiiich  bank  the 
heat  at  the  sprinkler  head  in  spite  of  the  drafty  conditions.  Note 
that  some  curtain  boards  are  pioallel  with  the  pier,  and  others  inter- 
sect them  at  right  ang^,  running  across  the  pier  tc^gether,  forming 
large  pockets  for  the  heat  to  rise  in.  This  construction  is  rather 
unusual  and  is  made  necessary  on  account  of  the  extreme  width  of 
the  pier.  Fig.  2  also  indicates  the  great  length  of  the  pier.  These 
views  show  one  of  a  group  of  sprinklered  piers  owned  by  the  Bush 
Terminal  Company,  whose  property  was  recently  taken  over  by  the 
Government.  Fig.  4  shows  the  sprinkler  layout  for  a  typical  pier 
property^  and  Fig.  5  a  section  through  pier  indicating  provision  for  a 
metal  fire  curtain. 

72  Everybody's  business  is  nobody's  business;  and  we  firmly 
believe  that  serious  trouble  will  result  unless  the  entire  matter  is 
handled  in  a  businesslike  manner  by  some  high  authority  with  broad 
experience  in  this  line.    We  submit: 

a  That  there  should  be  no  question  as  to  the  reliability  of  all 

water  supplies  involved,  either  public  or  private 
b  That  lighters  and  boats  exposing  piers  should  be  compelled 

to  conform  to  established  fire-protection  practice  and  not 

be  permitted  to  endanger  this  property  by  using  kerosene 

lamps,  cooking  stoves,  etc. 
c  That  dangerous  chemicals,  oils  and  highly  inflammable 

materials  should  be  segregated  and  kept  separate  from 

other  supplies 
d  That  barges  and  boats  should  not  be  permitted  to  block 

up  slips,  preventing  access  to  the  sides  of  piers 
That  extra  large  areas  should  be  divided  by  section  walls 

or  fire  breaks 
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/  That  explosives,  or  explosive  materials,  should  not  be 
permitted  near  the  important  terminals 

g  That  bulkhead  buildings  should  be  cut  off  from  piers  where- 
ever  possible 

h  That  sprinkler  protection  should  be  provided  where  con- 
ditions appear  most  serious 

i  That  good,  reliable  watchmen  should  be  employed  at  ni^t 
to  properly  safeguard  the  contents 

j  That  all  dirt,  waste  and  rubbish  should  be  inmiediately 
removed  and  the  premises  kept  scrupulously  clean 

k  That,  wherever  lacking,  all  necessary  fire-fighting  apparatus 
should  be  provided  and  constantly  tested  and  inspected 


^ml^tma 


c^oss^secr/Off  or  secrioN  noIs  i,2at3. 


FiQ.  5    Section  Through  Pier  op  Fig.  4  Showing  ProvAion  for 

Metal  Fire  Curtain 


I  That  there  should  be  a  uniform  practice  established  for 
handling  all  these  matters  and  particularly  seeing  that 
they  are  followed  up  from  day  to  day. 

73  In  oiu*  opinion  the  desired  results  can  be  accomplished  only 
in  one  way:  The  Government  must  create  a  special  central  authority 
with  necessary  experts  to  make  a  complete  study  of  the  entire  situa- 
tion in  all  our  seaports  and  then  place  the  responsibility  of  handling 
and  following  up  such  matters  in  this  one  central  authority.  It  must 
be  more  than  an  advisory  body,  and  should  be  composed  of  men  with 
practical  experience  in  such  matters,  and  capable  of  enforcing  the 
necessary  regulations.    This  step  is  not  only  justified  as  a  matter 
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of       l:>xisiness  expediency,  but  is  in  reality  a  matter  of  military 

ity. 

We  have  sought  in  the  foregoing  to  outline  some  of  the 

r  principles  of  fire  protection  in  essential  industries,  but  in  the 

sumlysis  each  individual  risk  has  its  own  particular  problans 

must  be  solved  for  the  individual  plant  by  the  engineers  in 


One  thing  that  applies  to  all  plants,  all  offices  and  all  houses 

matter  of  cleanliness  and  carefulness.    What  this  country  needs 

is     xxiLore  careful  national  housekeeping  and  in  this  connection  the 

^^nrirt^exr  asked  the  Fire  and  Accident  Prevention  C!ommittee  of  the 

^^t^onal  Fire  Protection  Association  for  a  brief  outline  of  the  work 

it  iei    <ioing  this  year  in  trying  to  reduce  the  fire  losses  which  are  so 

aenovis  a  drain  on  our  national  resources.    In  reply  they  said: 


'e  pbax  to  incorporate  where  posBible,  ordinanoes  giying  the  fire  department 
Po^r^iT'  to  enter  premiseB  for  dean-up  purposes  and  to  oorreet  various  rnidttrirable 
fe&t;^iAsr«B.  We  are  at  present  formulating  a  program  to  indude  the  education  of 
Bcfc^ool  pupils  in  the  details  of  fire  prevention  in  Uie  home,  and  to  bring  to  the 
pQl=>l^cs  a  realiiation  of  personal  reqwnaibility  for  fires  originating  on  their  prenuseB, 
wli.^^1:^^  homes  or  businesB. 

Vve  are  also  arranging  for  parades  and  demonstratioDB  and  suitable  literature 

thrxyuL^ri^  ocHnmittees  which  are  to  be  formed  in  various  cities  throughout  the 

oot&x^^xy.    As  to  yoiu:  paper  before  the  Mechanical  Engineers,  that  is  an  oppor- 

iUKU-^y  for  you  to  place  before  them  the  great  necessity  for  incorporating  fire- 

pTOtir^botion  features  in  their  plans  when  they  are  called  upon  to  outline  any  project. 

V^^  YXkust  rdy  upon  the  engineers  of  the  country  to  hdp  us  in  the  broader  fidd, 

^tvd  ^^v^here  plants  are  being  erected  usually  the  first  consideration  should  be  the 

p^^8ex*Yation  of  that  property  from  fire.    Their  realization  of  this  need  will*be  a 

^^^^t;  hdp,  not  only  in  reducing  the  fire  waste  of  the  country  but  in  preserving 

t3^^  necessary  output  of  materials  in  this  time  of  war. 
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REPORT  OF  THE  COMMITTEE  ON  WEIGHTS 

AND   MEASURES   ON  THE  METRIC 

SYSTEM   IN  EXPORT  TRADE 

To  THE  Council  of  the  American  Society  of  Mechanical 

Enqineebs: 

In  its  study  of  the  extent  of  use  of  the  metric  system,  your  com- 
mittee secured  copies  of  a  report  entitledi  ''The  Metric  Ssrstem  in 
Export  Trade/'  made  by  Mr.  F.  A.  Halsey  to  the  American  Institute 
of  Weights  and  Measures,  an  organization  having  for  its  main  objects 
the  maintenance  and  improvement  of  the  Eng^sh  system  of  weights 
and  measures. 

This  report  is  based  upon  more  than  fourteen  hundred  answers  to 
a  questionnaire  which  was  sent  to  several  thousand  manufacturing 
concerns  in  the  United  States,  some  or  all  of  whose  product  is  shipped 
to  countries  which  are  supposed  to  use  the  metric  system. 

It  is  the  only  instance  which  we  have  been  able  to  find  where  an 
earnest  and  sincere  effort  has  been  made  to  get  at  the  actual  facts 
with  respect  to  the  use  of  the  metric  system  in  export  trade  from  the 
United  States.  While  a  great  deal  has  appeared  in  print  on  this 
subject,  nearly  all  of  it  was  based  on  conjecture  or  limited  knowledge. 
This  report,  as  stated,  gives  the  actual  facts  reported  by  more  than 
fourteen  hundred  manufacturers. 

The  information  contained  is  of  such  great  interest  and  value  to 
all  who  are  studying  this  question  with  a  desire  to  get  at  the  truth, 
that  we  feel  that  our  Society  would  be  rendering  a  real  service  if  the 
essential  facts  of  this  report  as  deduced  from  the  replies  to  the  ques- 
tionnaire were  presented  to  the  membership.  Your  committee, 
therefore,  offers  herewith  a  comprehensive  abstract  of  this  report 
which  comprises  a  careful  summary  of  the  replies  received  and  the 
conclusions  to  be  drawn  from  them. 

Respectfully  submitted, 
L.  D.  BuRLiNGAME,  Chairman  J.  Sellers  Bancroft 

E.  M.  Herr  a.  L.  De  Leeuw 

F.  A.  Halsey  Committee  an  Weights  and  Measures 

Presented  at  the  Spring  Meeting,  Worcester,  Mass.,  June  1918,  of  The 
Amemcan  Societt  of  Mechanical  Engineers.  For  discussion,  see  The  Jour- 
nal, July  1918,  p.  630. 

427 


428  REPORT  OF  COMMITTEE  ON  WEIGHTS  AND  MEASURES 

TN  view  of  the  thoroughness  of  the  inquiry,  this  report  may  fairly 
be  regarded  as  a  census  of  the  use  of  the  metric  system  in  this 
country. 

The  inquiry  took  the  form  of  a  questionnaire,  which  was  sent  to 
the  following  lists  of  manufacturers: 

1  The  members  of  the  American  Institute  of  Weights  and 
Measiu'es,  many  of  whom  are  exporters 

2  The  members  of  the  American  Manufacturers  Export  Associ- 
ation 

3  Those  included  in  a  card  Ust  of  exporting  manufacturers 
compiled  by  the  American  Manufacturers  Export  Association 

The  total  number  of  those  to  whom  questionnaires  were  sent 
exceeded  6000.  No  selections  were  made  from  these  lists,  the 
questionnaires  being  sent  to  every  name  upon  them.  The  number 
of  coimtable  repUes  received  was  1445. 

Form  Letter  No.  1 

1917. 

American  Institute  of  Weights  and  Measures, 

20  Vesey  Street,  New  York. 
Gentlemen: 

Referring  to  your  inquiry  regarding  our  experience  with  weights  and  meai 
ures  in  foreign  trade,  you  will  find  that  experience  summarised  below: 

We  have  been  engaged  in  foreign  trade  for years. 

Our  line  of  products  consists  of 

In  our  factory  work,  and  in  order  to  adapt  our  goods  to  the  needs  of  bujrcn 
in  metric  countries,  we  have  found  it  desirable  to  abandon  TCngli«l^  measures  and 
use,  instead,  metric  measures  for  the  various  dimensions  of  our  products  to  the 
following  extent: 


"NoTat^l  r  ~ 

Slightly  Make  a  cross 

in  the  appro- 
priate square. 


Considerably 

Extensively 

Exclusively 


Exclusively  is  understood  to  mean  the  absence  of  all  English  dimensions  in 
the  product  —  not  a  few  metric  dimensions  in  every  shipment. 

Remarks  and  ParHcidars 

We  have  foimd  it  advisable  to  pack  our  goods  for  trade  with  metric  countries 
in  containers  of  metric  dimensions  or  containing  metric  weights  to  the  following 
extent : 

;  Not  at  all  I 

Slightly  <  Make  a  cross 

'  Considerably  in  the  appro- 

I  Extensively  priate  square. 

[  Ebcclusively 

Remarks  and  Particulars 
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In  our  literature  for  aad  ootrespQudeooe  with  metric  eountriee,  we  have 
found  it  advisable  to  give  inf onnaticm  regarding  weii^ts,  output,  a^MudtieBy 
over  an  dimenmonfl,  etc.,  in  metric  terms  as  fdlows: 


Make  across 
in  the  appro- 
priate square. 


Not  at  aU 

Slightly 

Considerably 

Extensively 

Exclusively 

Remarks  and  ParHadan 

Yours  veiy  truly, 
The  Questionnaire 


THE  FIBST  QUESTION 

In  our  factory  woric,  and  in  order  to  adiqit  our  goods  to  the  needs  <rf  buyen 
in  metric  countries,  we  have  found  it  desirable  to  abandon  English  measures 
and  use,  instead,  metric  measures  for  the  various  dimensions  of  our  products  to 
the  following  extent: 

This  question  is  by  far  the  most  important  of  the  three.  When  a 
manufacturer  makes  his  products  to  the  millimeter  to  the  exclusion  of 
the  inch|  he  has,  in  truUiy  adopted  the  metric  system  and  until  he 
does  that,  he  has  not  adopted  it.  The  giving  of  catalog  infonnation 
ill  metric  terms  is  a  use  of  the  metric  system,  but  a  use  exactly  com- 
parable with  the  use  of  the  Spanish  language  in  catalogs  for  Spanish 
America  and  is  no  more  the  adoption  of  the  metric  system  than 
the  printing  of  such  catalogs  is  the  adoption  of  the  Spanish  language. 

In  19  cases  returned  questionnaires  included  different  lines  of 
products  in  the  production  of  some  of  which  the  metric  system  is 
used  and  in  others  not.  In  some  of  these  cases  the  fact  was  noted  in 
the  questionnaires,  and  in  others  it  was  brought  out  by  another  form 
letter.  These  19  cases  have  been  added  to  the  summary  of  indus- 
tries below,  but  not  to  the  tabulated  summary  of  the  answers. 

Replies  to  the  first  question  are  summarized  in  Table  1. 

TABLE  1    SUMMARY  OF  REPLIES  TO  THE  FIRST  QUESTION 


Not  at  all 

Slightly 

Considerably 

Extensively 

Exclusively 

No  reply  to  this  question. 

Total 


Count  of  returoB 

Percent 

1189 

82.3 

160 

11.2 

29 

2.0 

16 

1.1 

5 

0.3 

46 

3.1 

1445 

100.00 
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NO   USE   OF  THE   METRIC  SYSTEM   IN   PRODUCTION 

The  following  extracts  from  letters  make  a  suitable  introduction  to 
this  phase  of  the  subject. 

The  Addressograph  Company  (addressing  machines,  in  export 
trade  12  years)  write: 

Only  one  request  for  goods  to  be  marked  in  the  metric  system  in  the  past 
12  years. 

The  American  Printing  Company  (textiles)  write: 

We  have  equipped  some  of  our  cloth-folding  machines  to  record  meters  in- 
stead of  yards  so  that  we  can  meet  requirements  for  lengths  in  meters,  but  prac-' 
tically  all  our  goods  for  export  are  measured  in  yards. 

The  American  Rolling  Mill  Company  (iron  plates,  sheets  and 

billets,  in  export  trade  7  years)  write: 

In  many  Latin  markets,  the  English  measurement  system  has  been  adopted 
for  our  line  of  goods  by  the  majority  of  buyers. 

The  American  Stove  Company  (stoves;  in  export  trade  "many" 

years)  write: 

As  to  factory  methods  of  measurement,  we  have  made  no  change  whatever 
in  order  to  adapt  our  goods  for  export.    All  of  our  goods  are  made  to  Englinh 

standards  of  measurement. 

The  Babcock  Printing  Press  Manufacturing  Company  (printing 

machinery;  in  export  trade  30  years)  write: 

We  consider  the  proposition  of  changing  our  system  of  weights  and  meas- 
ures to  the  metric  system  as  no  more  necessary  or  desirable  than  teaching  the 
men  in  our  shop  the  language  of  the  country  in  which  the  machine  is  to  be  run. 

The  Berger  Manufacturing  Company  (sheet  metal  products;   in 

export  trade  for  15  years)  write: 

We  find  that  customers  [in  metric  countries]  are  invariably  acquainted  with 
our  system  and  that  they  are  able  to  make  conversions  into  our  weights  and 
measures  the  same  as  we  do  when  an  inquiry  comes  to  us  in  metric. 

The  Black-Clawson  Company  (paper  mill  machinery;  in  export 
trade  25  years)  write: 

We  have  had  no  trouble  whatever  using  English  measures. 

The  Boston  Pressed  Metal  Company  (metal  stampings;  in  export 

trade  10  years)  write: 

France,  Russia,  Argentine,  Brazil,   Denmark,  Australia  and  Canada  use 

regular  stock  of  inch  sizes. 

The  Bristol  Patent  Leather  Company  (in  export  trade  12  years) 
write : 
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The  largest  leather  inroducmg  oountries  use  the  square  foot  as  their  basis, 
therelorey  the  square  foot  is  a  familiar  unit  even  in  countries  using  the  metric 
system. 

F.  W.  Brody  &  Co.  (cottonseed  products),  in  export  trade  ''many" 
years)}  who  reply  Not  at  All  to  all  of  our  questions,  add — 

And  our  ejqxnrts  the  past  season  were  approximately  tiflOOfiOO, 

The  Brown  Folding  Machine  Company  (pi^iieivf olding  machinery, 

in  export  trade  20  years)  write: 

We  cannot  recall  any  instance  where  we  have  been  asked  to  give  anything 
but  United  States  standard  wddits  and  measures. 


The  Brown  Portable  Conveying  Machinery  Co.  (portable  con- 
veying machinery;  in  export  trade  6  years)  write: 

The  foreign  buyer  buys  from  our  standard  siaes  nearest  to  his  approximate 
metric  requirements. 

The  Cleveland  Automatic  Machine  Company  (machine  tools) 

write: 

We  rardy  have  occasion  to  make  up  speeifications  using  the  metric  system 
for  abroad.    We  ship  a  vast  amount  of  material  to  foreign  eoantries. 

The  Collins  Company  (cutting  tools;  in  export  trade  70  years) 
write: 

Our  business  is  nine-tenths  with  foreign  countries.  We  have  no  need  what- 
ever to  use  the  metric  system  in  our  business. 

The  Cudahy  Packing  Company  (packing-house  products;  in  ex- 
port trade  for  30  years)  write: 

We  do  an  export  business  amoimting  to  many  million  dollars  per  annimi, 
but  have  not  foimd  it  necessary  to  mark  oiur  goods  with  anything  but  the  usual 
English  weights. 

The  Cadillac  Automobile  Company  write: 

We  have  been  shipping  automobiles  abroad  for  15  years  and  have  never 
had  the  question  of  metric  measurements  raised  by  any  of  our  correspondents  or 
customers  abroad. 

Curtis  and  Marble  Machine  Company  (cloth-finishing  machinery; 

in  export  trade  40  years)  write: 

Where  the  goods  are  measured  by  the  roll  or  drum  system,  we  use  the  regular 
yard  circumference  dnun  and  then  use  compensating  gears  to  reduce  this  to 
meters.  In  the  South  American  trade  there  are  four  or  five  different  lengths  used, 
none  of  them  metric  and  each  a  specific  measurement  for  individual  countries. 

The  Benjamin  Eastwood  Company  (textile  machinery)  write: 

There  is  no  call  for  the  metric  Bysiem  of  weights  and  measures  in  building 
textile  machinery  for  export.    We  have  had  many  inquiries  and  cannot  remem- 
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ber  a  Bmgle  instance  where  the  inquiry  has  specified  that  the  machinery  must  be 
built  under  the  metric  system. 

The  Chase   Turbine   Manufacturing   Company    (woodworking 

machinery;  in  export  trade  40  years)  write: 

One  customer  has  a  scale  attached  to  the  machine  to  indicate  width  al  op«i- 
ing.    This  scale  is  graduated  according  to  the  metric  Bysiem. 

The  William  J.  Dines,  Jr.,  Company  (plantation  machinery;   in 

export  trade  6  years)  write: 

When  we  receive  orders  for  machinery,  it  is  usual  to  receiye  a  sketdi  ■hewing 
the  proposed  installation  and  the  dimensions  are  more  often  given  in  feet  and 
inches  than  in  the  metric  measures  even  from  countries  using  the  metric  system. 

The  Dodge  Steel  Pulley  Corporation  (steel  pulleys;  in  export 
trade  17  years)  write: 

All  made  in  English  dimensions. 

Eastman,  Gardiner  &  Company  (building  lumber;    in  export 

trade  12  years)  write: 

After  the  meeting  of  the  National  Foreign  Trade  Coimcil  last  year  during 
which  meeting  the  matter  of  the  metric  system  for  foreign  business  was  brought 
up,  we  took  the  matter  up  with  our  foreign  agents  in  France,  Bdgium,  Qemuuiy, 
Italy  and  England  and  asked  them  if  there  would  be  any  advantage  in  our  adc^t- 
ing  the  metric  system  in  figuring  limiber.  They  stated  that  althou^  the  metric 
system  was  used  in  some  of  the  above  countries  that  in  lumber,  the  buyers  were 
so  accustomed  to  using  the  English  measure  that  it  would  be  a  great  mistake 
to  make  any  change  in  our  method  of  figuring. 

Fairbanks,  Morse  &  Company  write: 

We  have  been  actively  engaged  in  developing  foreign  trade  (ix  the  past  15 
years  and  our  experien  e  touches  practically  every  country  in  the  world.  The 
lines  of  goods  that  we  manufacture  and  sell  abroad  are  quite  varied,  embracing 
internal-combustion  engines,  steam,  power,  and  centrifugal  pumps,  deeiricai 
dynamos  and  motors,  railway  supplies  and  windmills. 

We  are,  of  course,  sending  our  goods  to  countries  where  the  metric  qratem  is 
used,  but  we  have  not  seen  any  necessity  whatever  for  abandoning  the  ^^g^**>* 
standard  of  weights  and  measures. 

The  Fawcus  Machine  Company  (gears  and  gear  driyes;  in  export 

trade  16  years)  write: 

On  one  occasion  we  made  some  special  machinery  to  drawings  fumkhed  by 
a  customer  ia  Spain  on  which  metric  dimensions  were  used.  We  raadify  tran- 
scribed them  into  English. 

The  Glasgow  Iron  Company  (steel  and  iron  plates,  etc)  write: 

Orders  for  our  product  come  to  us  in  feet  and  inches,  and  are  so  marked  wfaeo 
shipped. 
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The  R.  p.  Hazzard  Company  (men's  shoes;  in  export  trade  10 

years)  write: 

We  have  never  had  called  to  our  attention  any  metric  system  for  designating 
sizes  of  boots  and  shoes. 

The  Hess  Machine  Works  (file-making  machinery;    in  export 

trade  25  years)  write : 

We  have  exported  to  all  parts  of  the  world  where  files  are  manufactured  and 
we  have  never  departed  from  the  American  standard. 

The  Independent  Pneumatic  Tool  Company  (portable  pneimiatic 
tools;  in  export  trade  24  years)  write: 

We  have  never  used  the  metric  system  nor  have  we  been  asked  to  do  so. 

The  Lauderdale  Cotton  Mills  (colored  cotton  goods;  in  export 
trade  4  years  and  who  place  their  cross  in  the  Not  at  All  line) 
write: 

Our  entire  output  is  being  exported. 

Libby,  McNeil  and  Libby  (packing  house  products,  in  export 

trade  40  years)  write: 

About  the  only  business  which  we  have  ever  done  which  required  special 
paddng  was  occasional  French  Government  business. 

The  Metals  Specialties  Company  (metal  specialties)  write: 

We  are  shipping  goods  to  all  foreign  countries  and  we  do  not  use  the  metric 
system  in  any  way  whatsoever. 

The  National  Radiator  Company  (steam  radiators,  boilers  and 

fittings)  write: 

Our  foreign  customers  have  taken  our  products  just  as  we  manufacture 
them  for  domestic  trade. 

The  Penn  Engineering  Company  (steam  and  water  specialties,  in 

export  trade  18  years)  write: 

We  have  never  used  anything  except  English  measures,  nor  found  any  need 
to  change  them  at  any  time. 

The  Russell  Burdsall  &  Ward  Bolt  &  Nut  Company  (bolts,  nuts, 

rivets  and  washers;  in  export  trade  20  years)  write: 

We  ship  our  goods  to  almost  every  country  throughout  the  world  and  find 
that  the  English  weights,  measures,  etc.,  are  generally  satisfactory. 

WilUam  Sellers  &  Company  (machine  tools  and  power  trans- 
mission machinery;  in  export  trade  60  years)  write: 

Notwithstanding  the  large  volume  of  foreign  inquiry  we  receive,  so  little  of 
it  calls  for  adherence  to  the  metric  system  as  to  be  practically  negligible. 
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The  Southern  States  Lumber  Company  (long-leaf  yellow  pine 

lumber,  in  export  trade  19  years)  write : 

Up  to  18  or  20  years  ago,  our  French  buyers  required  their  flocMring  bowds 
to  be  measured  in  metrical  feet  of  13^  English  inches,  but  since  thisn,  l^gJMA 
measxires  have  prevailed  in  that  market. 

The  Standard*  Sanitary  Manufacturing  Company  (plumbing  fix- 
tures, in  export  trade  20  years)  write: 

Our  trade  is  using  Kngliah  dimensions  more  and  more.  RequintioDB  are 
now  seldom  written  up  in  the  metric  sjrstem. 

The  Standard  Varnish  Works  (varnishes,  etc.,  in  export  trade  40 

years)  write: 

We  had  one  instance  several  years  ago  where  we  had  to  report  dimensions 
of  packages  in  centimeters,  but  that  is  all. 

The  Triumph  Manufacturing  Company  (bakery  machinery;   in 

export  trade  12  years)  write: 

We  find  that  while  certain  foreigners  have  been  taught  the  metric  sytttem 
they  more  readily  adapt  themselves  to  the  English  measures. 

The  Vacuo-Static  Carbon  Company  (typewriter  ribbons  in  ex- 
port trade  10  years)  write: 

In  one  or  two  isolated  cases,  we  have  been  asked  to  supply  ribbooa  marked 
11  nmi.  and  13  nmi. 

The  Wellman-Seaver-Morgan  Company  (mining,  hoisting,  and 

vessel-unloading  machinery)  write: 

We  do  not  use  the  metric  system  in  our  shops,  and  have  had  pnoiioaUy  no 
request  to  use  it  from  our  foreign  customers. 

The  Wheeler-Schebler  Carburetor  Company  (carburetors)  write: 

We  have  had  no  occasion  to  use  the  metric  system  in  the  manufadure  of  our 
products. 

The  Walter  A.  Wood  Mowing  and  Reaping  Machine  Company, 

who  reply  Not  at  All  to  all  of  our  questions,  say: 

We  do  a  large  export  trade  in  Scandinavia,  France,  Germany,  Russia,  Aus- 
tria-Hungary and  Roumania. 

LIST  OF  MANUFACTURERS  WHO  REPUED  THAT  METRIC  IfSABUBBS 
WERE  UNNECESSARY  FOR  THEIR  PRODUCTS 

Representatives  of  the  following  industries  reply  to  the  first 
question  regarding  the  use  of  the  metric  system  in  the  producUon  of 
their  goods  for  export  by  placing  their  crosses  in  the  Not  at  All  line. 
The  figures  in  parentheses  following  each  industry  give  the  number 
of  manufacturers  so  reporting. 
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The  reader  will  note  especially  the  number  of  chemical  industries 
in  this  list  which  show  that  manufacturing,  as  distinguished  from 
laboratory  work,  chemistry  is  conducted  on  the  English  system. 
The  numerous  electrical  industries  which  follow  the  English  system 
show  that  the  prevailing  impression  that  the  electrical  is  a  metric 
industry  is  unfounded. 

Many  of  the  industries  of  this  list,  such  as  chemicals,  a^pricultural 
machinery,  mining  machinery,  etc.,  produce  not  one,  but  great  lines 
of  products.  Such  industries,  however,  appear  as  single  items,  the 
list  being  not  one  of  products,  but  of  industries. 

Automobiles  and  automobile  trucks  (22).  Automobile  accessaries  (4). 
Air  compressors  (6).  Agricultural  implements  (18).  AgricuKunJ  and  harvest- 
ing macJiinery  (9).  Automobile  frames  (2).  Automobile  greases  (1).  Auto- 
mobile lamps  (1).  Automobile  and  wagon  ades  (1).  Air  brakes  (2).  Automo- 
bile soap  (1).  Automobile  parte  (2).  Adding  machines  (5).  Automobile  radi- 
ators (1).  Automobile  and  wagcm  springs  (1).  AntiHBkid  chains  (1).  Asphalt 
(1).  Athletic  goods  (1).  Asbestos  (1).  Abrasives  (3).  Animal  and  poultry 
remedies  (1).  Art-metal  goocb  (1).  Ahuninimi  goodi  (1).  Addressing  ma- 
chines (1).  Accounting  devices  (}).  Artificial  arms  (1).  Architectural  terra 
ootta  (1).  ASroplanes  (1).  Ammunition  (1).  Air  rifles  (1).  Atomiiers  (1) 
Air  hoists  (1). 

Boots  and  shoes  (21).  Barbers'  furniture  and  supplies  (2).  Brick-making 
machinery  (3).  Bottle-washing  machines  (2).  Bottle-blowing  machines  (1). 
Bottlers'  machinery  (2).  Bottle-wiring  tools  (1).  Bottle-labeling  machines  (1). 
Bedsteads,  brass  and  iron  (5) .  Boiler-feed  regulators  (1) .  Boiler  compounds  (1) . 
Bolts,  nuts  and  rivets  (4).  Biscuits  (2).  Balls  (2).  Bending  maclunes  (1). 
Brake  lining  (2).  Buttons  (1).  Button-fastening  machines  (1).  Ball  bearings 
(1).  Belt  hooks  and  tools  (2).  Belt  preservatives  (1).  Box  strapping  (1). 
Brazing  compounds  (1).  Bronze  bearings  (1).  Bags  and  canvas  goods  (2). 
Bicycles  (1).  Books  (1).  Boiler  tubes  (1).  Bolt  cUppers  (1).  Bee-keepers' 
supplies  (1).  Bakery  machinery  (1).  Braids  (1).  Belting  (2).  Brass  and 
copper  sheets,  wire  and  other  goods  (6).  Box  shocks  (1).  Blankets  (1).  Boiler- 
shop  equipment  (1).    Blast-furnace  equipment  (1). 

Chains,  including  chain  belting  (6).  Cutting  tools  (14).  Carbon  paper 
(3).  Cranes  (6).  Confectionery  (5).  Conveying  machinery  (4).  Carbu- 
retors (2).  Cement  machinery  (3).  Concrete  machinery  (8).  CJoal  (6).  Coke 
(4).  Chemicals,  including  crude  drugs  (19).  Cement  including  portland,  rub- 
ber and  iron  (8).  Cordage,  including  twine  (4).  Cocoa  and  chocolate  (2). 
Corsets  and  accessories  (1).  Cooperage  (1).  Cooperage  material  (1).  Cooper- 
age machinery  (1).  Clocks  (2).  Com  shellers  (2).  Copper  (2).  Ck>tton  waste 
(1).  Cottonseed-oil  machinery  (1).  Centrifugals  (1).  Cream  separators  (1). 
Check-protecting  devices  (1).  Crockery  (1).  Carriages  (1).  Conduit  for  elec- 
tric wires  (1).  Chewing  gum  (2).  Currant-cleaning  machines  (1).  Cars  for 
railways  (2).  Cutlery  (1).  Cardboard  (1).  Coffee  mills  (1).  Coal-handling 
machinery  (2).  Culverts  (1).  Children's  sleds  (1).  Clay-working  machinery 
(1).     Catenary  bridges  (1).     Cooking  utensils  (1).    Crown  corks  (1).    Chairs 
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(1).  Car  wheels  (2).  Car  axles  (1).  Creosoted  timber  products  (1).  CoUapo- 
ible  tubes  (1).  Contractors'  machinery  (2).  Caseine  (1).  Cotton  liniera, 
waste  (1).  Candles  and  stearine  (1).  Cutting  machines  (I).  Cotton-gin  ma- 
chinery (1).  Cigar  and  cigarette  machinery  (1).  Confectionery  machinery  (1). 
Cash  registers  (1).  Cottonseed  products  (1).  Counting  machines  (2).  Chem- 
ical wood  pulp  (1).  Corduroy  (1).  Car  couplers  (1).  Cotton  duck  (2).  Con- 
duit fillings  (1).    Coal-mining  machinery  (1).    Coaster  brakes  (1). 

Dental  fumitiu-e,  equipment  and  supplies  (5). .  Drop  forgings  (1).  Dyeing 
machines  (2).  Dairy  machinery  (2).  Dustless  dusters  (1).  Disinfecting  ap- 
paratus (1).  Duplicating  machines  (1).  Drawing  tables  (1).  Doors  and  sash 
(2).  Disinfectants  (1).  DniggLsts'  labels  (1).  Dyestuffs  and  dyewood  prod^ 
ucts  (4).    Drawing  rolls  (1). 

Electric  generators  and  motors  (14).  Electric  controllers  (2).  Electric 
light  supplies  (3).  Electric  specialties  (3).  Electric  industrial  trucks  (1). 
Electric  fmnaces  (1).  Electric  pumps  (1).  Electric-wiring  devices  (1).  Elec- 
tric wire  cutters  (1).  Electric  air  compressors  (1).  Electric  aro-wdding  equip- 
ment (1).  Electric  dental  engines  (1).  Electric  vacuum  cleaners  (1).  Elec- 
tric heating  devices  (2).  Electric  signaling  apparatus  (1).  Electric  measuring 
instnunents  (2).  Electric  fans  (2).  Electric  transformers  (2).  Electrical  fuses 
(1).  Electrical  material  (1).  Electrical  porcelain  (1).  Electrically  driven  tools 
(4).  Electrodes  (1).  Enameled  physicians'  furniture  (1).  Elevating  machin- 
ery (1).  Excavating  machinery  (I).  Explosives  (1).  Envelopes  (1).  Etching 
material  (1).  Evaporated  milk  (1).  Expanded-metal  reinforcements  (1). 
Elevators  (1).  Embroidery  and  laces  (1).  Engineers'  and  surveyors'  instru- 
ments (2).    Enameled  ware  (6). 

Food  products,  including  cereals,  canned  goods,  packing-house,  fruit  and 
soup  (24).  Forging  machines  (2).  Fans  (2).  Fiberboard  (2).  Fireanns,  sport- 
ing (4).  Firearms,  military  (2).  Flour  (5).  Feed  (4).  Flour-mill  machinery 
(1).  Firebrick  (3).  Felt  (2).  Food  choppers  (1).  Fire-door  fixtures  (1). 
Feed  mills  (1).  Feed  and  ensilage  cutters  (1).  Filing  cases  (1).  lire  M'P^ 
ratus  (1).  Fire  alarm  signals  (I).  Forges  (1).  Foundry  equipment  (2).  Fur- 
naces (3).  Filters  and  filter  presses  (2).  Flexible  shafts  (1).  Fertiliier  ma- 
chinery (1).  Flat-irons  (1).  Fire-resisting  paints  (1).  Fiber  conduit  (1).  Fair 
registers  (1).  Files  and  rasps  (1).  File-making  machinery  (1).  Feedwmter 
heaters  (1).  Floor  and  wall  tile  (1).  Fireless  cookers  (1).  FerroaUoys  (1). 
Featherbone  dress  stays  (1).  Fly  paper  (1).  Fuel  economisers  (1).  Fermented 
liquors  (2). 

Grinding  wheels  (4).  Grinding  mills  (1).  Grinding-wheel  dresMn  (1).  Gas, 
gasoline,  and  oil  engines,  large  and  small  (12).  Glass,  including  plate,  window, 
table,  bottles,  etc.  (8).  Gasoline-handling  equipment  (1).  Giaaoline  lighting 
s}rstem''(I).  Gold-milling  machinery  (1).  Gun  carriages  (1).  Glass-enamded 
apparatus  (I).  Gas  producers  (1).  Gasoline  locomotives  (I).  Gas  water 
heaters  (1).  Gas  burners  (1).  Gas  and  gasoline  stoves  (1).  Gear  idieeb  (3). 
Glue  (2).  Gaskets  and  packings  (1).  Gas  meters  (1).  Gravity  convejon  (1). 
Garters  (3).  Ciraphite  (1).  Geared  hand-brakes  (1).  GariMge  feodven  (1). 
Gelatin  (1). 

Hoisting   machinery    (2).     Hosiery    (10).    Hosiery-knitting  maohinei   (1). 
Horseshoes  (2).    Handles  for  shovels,  etc  (2).    Horseshoe  calks  (1). 
blades  (1).    Hydrants  (1).     Hot-water  heaters  (1).    Heeling  boards  (1). 
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insulating  materials  (1).  Hammocks  (1).  Hospital  furniture  (1).  Hospital 
supplies  (1).  Hydraulic  turbines  (2).  High-pressure  hydraulic  machinery  (1). 
Hardware,  including  builders',  carriage,  upholstery,  saddlery,  marine  and  auto- 
mobile (23). 

Ice  and  refrigerating  machinery  (4).  Ice-cream  freezers  (2).  Ice  and 
roller  skates  (1).  Industrial  railroad  tracks  (1).  Irrigation  equipment  (1). 
Insulating  tape  (1).  Insulating  materials  (1).  Incandescent  mantles  (1).  In- 
sulated wire  (1).    Injectors  (1).    Iron  fencing  (1).    Ivory  goods  (1). 

Jewelry  (5).    Jewellers'  tools  and  machinery  (2).    Jewellers'  supplies  (1). 

Knit  goods  (2).  Knitting-machine  needles  (1).  Knitting  machinery  (1). 
Kitchen  cabinets  (2). 

Lumber,  building  and  cabinet  (19).  Leather,  including  upholstering,  sole, 
patent,  glazed  kid,  etc.  (14).  Leather  goods  (1).  Leather  machinery  (2). 
Leather  substitutes  (1).  Lubricating  oils  and  greases  (9).  Lubricators  and 
lubricating  devices  (4).  Lifting  jacks  (2).  Laimdry  machinery  (3).  Lawn 
mowers,  hand,  horse  and  power  (2).  Lead  pencil  and  erasers  (1).  light- 
ning arresters  (1).  Lithography  (1).  Lithographers'  machinery  (1).  Locks 
(2).  Logging  machinery  (1).  Linoleimi  (1).  Library  and  parlor  tables  (1). 
lithopone  (1).  Licorice  products  (1).  Locomotives  (1).  Lace  curtains  (1). 
Lead  (1).  Lead  goods  (1).  Loose-leaf  books  (2).  Lockers,  cabinets  and  shelv- 
ing (1). 

Machine  tools  (60).  Machinists'  chucks  (4).  Machinery,  type  not  speci- 
fied (18).  Musical  instruments  (4).  Marine  engines  and  motors  (4).  Mining 
machinery  (10).  Metal  packing  (1).  Mine  shoveling  machines  (1).  Malle- 
able-iron castings  (1).  Metal  wheels  (1).  Mixers  (1).  Metal  moldings  (1). 
Metal  stampings  (1).  Metal-cutting  saws  (1).  Motor  boats  (1).  Machine 
screws  (1).  Marine  paints  (1).  Macaroni  (1).  Meters  (1).  Metal  casement 
windows  (1).  Metals  and  by-products  (2).  Motorcycles  (1).  Malt  (1). 
Magnetos  (1).  Manganese-steel  castings  (1).  Mower  knives  and  sections  (1). 
Medicinal  preparations  (1).  Mercerizing  machines  (1).  Medicine  cabinets  (1). 
Metallurgical  machinery  (1).     Mosquito  netting  (2).     Motion-picture  films  (1). 

Nails  (2).     Nickel  ware  (1). 

OflSce  filing  equipment  (2).  Oil-mill  machinery  (1).  Oil-well  machinery 
(1).  Oil-well  supplies  (2).  Oil  cake  (1).  Oil-burning  utensils  (1).  Oil  cloth 
(1).  Oxy-acetylene  apparatus  (1).  Optical  goods  (5).  Optical  machinery  (1). 
Oil-measuring  pmnps  and  tanks  (1).    Oiled  clothing  (1). 

Pumps,  including  hand,  power,  centrifugal,  steam  and  pumping  engines 
19).  Paper  of  all  kinds  (13).  Petroleimi  products  (7).  Power-transmission 
machinery  (8).  Paints,  oils,  varnishes  and  enamels  (13).  Pianos  and  player 
pianos  (4).  Pipe,  including  drawn  and  cast-iron  (8).  Pipe  fittings  (4).  Pipe 
machinery  (4).  Pipe  wrenches  (1).  Pig  iron  (3).  Presses,  mechanical  (2). 
Printing  presses  and  other  printing  machinery  (6).  Printing  furniture  (1). 
Picture  frames  and  moldings  (2).  Pulleys,  cast-iron  and  steel  (3).  Punch- 
ing and  shearing  machines  (2).  Phonographs  and  graphaphones  (2).  Pneumatic 
tools  (2).  Paste  and  polish  (2).  Plumbing  brass  goods  (1).  Pulverizing 
machinery  (1).  Plumbing  fixtures  (1).  Propellers  and  marine  specialties  (1). 
Pads  for  horses  (1).  Power  hammers  (2).  Plaster  of  pans  (1).  Precious 
metals  (1).  Plantation  machinery  (1).  Pottery  (1).  Plumbers'  earthen- 
ware (1).     Paper  boxes  (2).     Paper-mill  machinery  (5).     Paper-hangers'  tools 
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(1).  Paper  merchandise  (1).  Painters'  tools  and  supplies  (1).  Pharmaceutical 
and  proprietary  medicines  (3).  Pharmaceutical  machinery  (1).  Padlocks  (1). 
Pulp-mill  machinery  (1).    Pile  drivers  (1).    Positive-pressitfe  blowers  (1). 

Quarry  and  gravel-pit  machinery  (2). 

Rubber  goods,  including  automobile  tires,  belting,  heels,  footwear,  etc.  (11). 
Rolling-mill  machinery  (4).  Rock-crushing  machinery  (3).  Rock  drills  (2). 
Railway  track  material  (2).  Refrigerator  doors  (2).  Rubber-mill  machinery  (1). 
Railway  signaling  apparatus  (1).  Railway  and  Yx)ntractor8'  tools  (1).  Raflway 
passenger-coach  fixtures  (1).  Railway  accessories  (1).  Razors  (1).  Rawhide 
gears  (1).  Refrigerators  (1).  Radium,  vanadium,  and  uranium  (1).  Rice 
milling  (1).  Radiators  for  automobiles  (1).  Rotary  surface  grinders  (1).  Roof- 
ing paints  (1).  Roofing  tiles  (1).  Recording  instruments  (1).  Rug  extractors 
(1).  Razor  strops  (1).  Railway  supplies  (2).  Road  scrapers  (1).  Railway 
motor  cars  (1).  Rolling  store  ladders  (1).  Road  machinery  (2).  Roofing 
materials  (1).     Rare  metals  (1).     Ratchet  drills  (1). 

Steel  and  iron  products,  including  billets,  sheets,  plates,  structural  steel, 
castings,  blooms,  bars,  etc.  (31).  Steam-engine  governors  (2).  Steam  special- 
ties (4).  Shoe  machinery  (3).  Shoe  material  (1).  Saws  (1)  Stoves  and  ranges 
(3).  Starch  (3).  Shovels,  spades  and  scoops  (2).  Suspenders  (2).  School, 
theater  and  church  fiuniture  (2).  Spirituous  liquors  (2).  Steam  boilers  (11). 
Sugar  machinery  (8).  Steam  shovels  (4).  Soap  (6).  Steam  turbines  (2). 
Steam  engines  (14).  Steel-plate  work,  other  than  steam  boilers  (9).  Steam 
mains  (1).  Sugar-cane  machinery  (1).  Soda  fountains  (1).  Spark  plugs  (1). 
Scott  tissue  towels  (1).  Sewing  thread  (1).  Stampings  (1).  Shoe  lastA  (1). 
Shirt  and  collars  (2).  Steel  blocks  (1).  Shoe  pegs  (1).  Scales  (1).  Steel  roll- 
ing doors  (1).  Steel  lockers,  racks  and  tables  (1).  Slate  (1).  Snap  fasteners 
(1).  Sanitary  enameled  ware  (1).  Sewing  machines  (3).  Spring  hinges  (1). 
Sample  cases  (1).  Screw-machine  products  (1).  Steel  clothes  lockers  (1). 
Sprayers  (1).  Steel  sash  (1).  Silver-plated  ware  (1).  Stationery  speciahies 
(1).  Soldering  fluxes  (1).  Steel  transmission  structures  (1).  Safety  water 
columns  (1).  Store  fixtures  (1).  Seamless-tube-mill  machinery  (1).  Speed- 
ometers (1).  Saddlery  goods  (1).  Safes,  vaults,  etc.  (1).  Stationery  (1). 
Structural  and  ornamental  iron  (1).  Street-lighting  fixtures  (1).  Shoe  manu- 
facturers' supplies  (1).  Shoe  dressings  and  polishes  (3).  Storage  battoies  (2). 
Sadirons  (2).  Scientific  instruments  (2).  Steam  radiators  (2).  Sawmill  ma- 
chinery (6).  Steel  ships  (1).  Sugar  (2).  Shoe  laces  (1).  Spelter  (1).  Spring 
mattresses  (1).  Spark  coils  (1).  Steel-works  equipment  (1).  Sandpaper  (1). 
Silos  (1).  Steel  furniture  (3).  Steel  tubing  (1).  Storage-battery  cutters  (1). 
Steam  dredges  (1). 

Textiles,  including  cotton,  woolen  and  silk  (13).  Textile  madihwry  (9). 
Tobacco  in  various  forms  (7).  Tobacco  machinery  (3).  Typewriters  (5).  Toy 
guns  (1).  Tire  filler  (1).  Tj'pe-casting  machines  (2).  Tannery  machinery  (2). 
Tannery  extracts  (2).  Toilet  articles  (3).  Tin  and  tern  plate  (4).  Tin  oint- 
ment boxes  (1).  Trunks  (1).  Tabic  and  shelf  oilcloth  (1).  Tire  fabrics  (2). 
Time-recording  devices  (1).  Telephone  equipment  (2).  Tacks,  nails  and  riTeiv 
(1)  Thermos  bottles  (1).  Trench-excavating  equipment  (1).  Tank  cars  (1). 
Tractors  (4).  Typewriter  ribbons  (4).  Telephone-ringing  machines  (1).  Tim- 
ber-preserving machinery  (1).     Toothpicks  (1).     Tungsten  contact  points  (1). 

Underwear  (4).     Upholstered  furniture  (1).     Undertakers*  soppliai  (I). 
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Valves  (5).  Vacuum  machinery  (2).  Vacuum  deanos  (2).  Vei^eas  (3). 
Vises  (1).  Vegetable-paring  machines  (1).  Vehicle  sjuringB  (1).  Vehicles  for 
children  (1).    Ventilating  apparatus*  (1). 

Woodworking  machinery  (8).  Windmills  (3).  Wire  (5).  Wagons  (6). 
Wagon  and  carriage  wheels  (1).  l^^re  rope  (2).  Wire  fabrics  (3).  Wire  prod- 
ucts (2).  Wire  glass  (1).  Wrenches  (2).  Wooden  mallets  (1).  Well  8iq>- 
plies  (1).  Writing  inks  (1).  Well-driQing  machinery  (2).  Window  fizfeuzes 
(1).  Wall  pamper  (1).  Water  heaters  (1).  ^  Wood  screws  (1).  Wood  finishes 
(1).  Wheelbarrows  (1).  Waterworks  material  (1).  Wooden  boxes  (1).  WadH 
ing  machines  (!)•  Watchman's  signals  (1).  Wooden  ships  (1).  Wall  board 
(1).    Watches  (4).    Watchcases  (1).    Wood  heels  (3). 

22inc  products  (1). 

Products  not  named  (88). 

PARTIAL  X7BB  OF  THB  MJBTRIG  SYSTEM  IN  PRODUCTION 

The  reports  of  partial  use  are,  in  some  respects,  the  most  in- 
structiye  of  all.  From  them,  we  leain  that  it  is  only'in  rare  cases 
that  the  miits  of  measure  used  in  the  production  of  a  commodity 
have  anything  to  do  with  its  salabiliify  in  any  market^  the  calls  for 
the  metric  system  being  always  special  and  of  no  general  application 
or  significance. 

Foreign  purchasers  of  automobiles,  electrical,  mining,  ice-making, 
agricultural  machinery,  etc.,  care  no  more  about  the  units  to  which 
the  pafts  of  these  machines  are  made  than  the  reader  cares  about  the 
English  or  metric  units  used  in  the  construction  of  his  own  watch. 
The  only  exception  to  this  law  is  found  in  about  one-third  of  the 
reports  for  machine  tools.  Here  the  metric  features  called  for  are 
those  few  immediately  concerned  in  measuring  the  products  made 
on  the  machine. 

Again,  in  the  case  of  chemicals,  it  must  be  clear  that  the  units 
used  in  the  productions  of  the  goods  have  nothing  to  do  with  the 
salability  of  the  products.  In  steel  and  iron  products  —  structural 
material,  pipe,  etc.  —  the  preponderance  of  English-speaking  coun- 
tries in  the  production  of  these  goods  has  made  their  products  the 
standard  of  the  world  as  is  true,  also,  of  automobile  tires;  while  in 
textiles,  the  letter  of  the  American  Printing  Company  (page  430) 
saying  that  "practically  all  of  our  goods  for  export  trade  are  meas- 
ured in  yards,'*  shows  the  extent  to  which  the  yard  is  used  as  a  price 
unit  in  metric  countries. 

The  most  striking  illustration  is  found  in  weighing  and  measuring 
instruments  designed  for  weighing  in  metric  units.  In  these  instru- 
ments the  construction  remains  strictly  English,  the  only  metric 
feature  being  the  graduated  dial  or  scale  by  which  the  indications 
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are  read;  and  in  the  case  of  recording  instrumentSi  these  graduations 
are  placed  on  ruled  sheets  of  paper  which  are  not  even  parts  of  the 
instruments. 

Representatives  of  the  following  industries  reply  to  the  first 
question  by  placing  their  crosses  in  the  Not  at  All,  Sli^tly,  Con- 
siderably or  Exclusively  lines  as  indicated  by  the  figures  in  paren- 
theses. 

Automobiles  and  automobile  trucks:  Not  at  all  (22),  Slightly  (20)| 
Considerably  (2). 

The  use  of  the  metric  system  in  the  automobile  and  automobile 
truck  industry  to  meet  the  needs  of  export  trade  is  limited  to  speed- 
ometers, sparks  plugs,  tires  and  wheel  rims  to  suit  the  tires.  Speed- 
ometers are  graduated  to  read  in  kilometers  just  as,  for  Russiai  they 
are  graduated  to  read  in  versts.  In  both  cases,  we  give  the  customer 
what  he  wants  and  one  practice  has  as  much  and  as  little  significance 
as  the  other. 

It  will  be  observed  that  most  of  the  automobile  companies  who 
use  the  metric  sjrstem  at  all  place  their  crosses  against  ''Sli|^ily'' 
for  the  use  of  the  metric  system  for  these  items.  The  extent  of  this 
use  is  shown  by  the  following  extracts  from  letters. 

The  Cadillac  Motor  Car  Company  say:  • 

Until  a  year  ago  millimeter  sized  wheels  and  tires  were  shipped  with  can  to 
Australia,  but  our  distributor  there  changed  to  inch  sizes.  Most  South  American 
countries  take  inch  sizes,  with  the  exception  of  Chile  which  takes  millimeter. 

The  Dart  Motor  Truck  Company  say: 

All  the  tires  we  have  shipped  on  foreign  shipments  have  been  of  American 
make  and  American  sizes. 

Dodge  Brothers  say: 

We  furnish  the  standard  American  tires  on  all  our  cars. 

The  Elwell-Parker  Electric  Co.  say: 

We  have  shipped  trucks  to  Australia,  N.w  Zealand,  France,  Italy,  England, 
Cuba,  Ecuador  and  Canada  with  standard  English  sized  tires. 

The  Ford  Motor  Company  say: 

0\ir  cars  for  export  trade  are  always  equipped  with  American  aie  tires  — 
not  metric  size. 

The  International  Motor  Company  say: 

In  all  cases  we  have  supplied  tires  in  American  dimensions  such  as  are  stmiid- 
ard  and  on  stock  in  this  country. 

The  Lexington  Motor  Company  say: 
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We  use  a  f eiw  metric  sued  rims  and  tireSi  but  in  our  businesB,  it  only  senres 
to  cause  confusion. 

The  Maxwell  Motor  Sales  Corporation  say: 

AH  of  our  cars  which  are  exported  are  equqpped  with  American  sised  tires. 

The  Paige-Detroit  Motor  Car  Company  say: 

At  the  present  time,  the  demand  for  metric  wheels,  rims'and  tires  is  extremely 
limited.    Since  the  first  of  the  3rear,  we  have  only  sfaq^p^  0  cars  so  equipped. 

Metric  spark  plugs  are  so  called  because  of  the  metric  screw 
thread  by  which  they  are  secured  in  place,  all  their  other  dimensions 
being  English.  Sudi  plugs,  however,  are  not  universal  in  metric 
countries.  The  Cole  Motor  Car  Company  say  in  reference  to  ex- 
port trade: 

We  use  the  }-18  S.A.E.  standard  spark  plug. 

The  J.  B.  Crockett  Company  say: 

The  percentage  of  metric  spaik  plugs  against  those  of  standard  thread  as 
used  by  ourselves  which  are  exported  is  about  two-thirds  metric  —  the  balance, 
i,  i  inch  and  I  inch,  that  is,  omitting  the  regular  Champion  X  Ford  plugs. 
The  greats  portion  of  Ford  spark  plugs  shipped  into  foreign  countries  are  tiie 
same  as  the  regular  standard  American  used  here. 

The  Paige-Detroit  Motor  Car  Company  say: 

Occasionally,  we  get  a  request  that  the  spark  plug  be  metric,  with  which 
request  we  comply.  This  is  practically  obsolete  at  the  present  time,  owing  to  the 
predominance  of  American  spsLTk  plugs,  and  we  have  not  made  shipment  of  a 
single  car  so  equipped  for  over  18  months. 

Dodge  Brothers  say: 

We  are  shipping  about  $1,000,000  annually  to  countries  which  use  the  metric 
system.    All  of  these  cars  go  with  our  standard  English  thread  spark  plugs. 

Automobile  crankshafts:  Slightly  (1).  The  Automobile  Crank- 
shaft Corporation  (in  export  trade  three  years)  who  make  this  re- 
port, say: 

About  60  per  cent  of  crankshafts  we  are  making  for  export  are  in  English 
measurements,  20  per  cent  in  English  and  metric  [that  is  some  dimensions  Eng- 
lish and  some  metric]  and  20  per  cent  in  metric  only. 

Athletic  goods:  Not  at  all  (1),  Slightly  (1).    A.  G.  Spalding  and 

Brothers  (in  export  trade  20  years)  who  make  this  last  report,  say: 

We  have  one  or  two  pieces  of  apparatus  used  in  physical  measurement  which 
we  are  requested,  although  very  seldom,  to  make  specially  to  the  metric 
system. 

Agricultural  machinery:  Not  at  all  (9),  Considerably  (1),  Slightly 
(1).    The  Avery  Company  (in  export  trade  20  years)  who  make  this 
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last  report,  say  that  the  use  of  the  metric  system  relates  to  "Spark 
plugs  and  small  equipment." 

Abrasives  and  sharpening  stones:   Not  at  all  (3),  Slightly  (1). 

The  Pike  Manufacturing  CJompany  (in  export  trade  nearly  50  years) 

who  make  this  last  report,  add  the  word  "very"  after  sli^tly,  and 

say: 

It  would  be  rather  hard  for  us  to  estimate  the  percentage  of  orders  rendered 
to  us  in  the  metric  system,  but  are  safe  in  saying  it  would  be  a  fraction  of  1  per 
cent. 

Ammunition:  Not  at  all  (1),  Extensively  (2). 

Belting:  Not  at  all  (2),  SUghtly  (4),  Considerably  (1),  Exten- 
sively  (1).  The  Detroit  Oak  Belting  Company  (in  export  trade 
three  years)  who  report  "Considerably,"  say: 

Some  customers  specify  lengths  in  meters  and  widths  in  inches. 

The  Missouri  Belting  Company  (in  export  trade  22  years)  say: 
We  make  leather  belting  in  metric  dimensions  on  special  orders  only. 

The  Rossendale-Reddaway  Belting  and  Hose  Company  who  re- 
port "Extensively,"  say: 

We  do  not  use  it  at  all  as  far  as  the  actual  manufacturing  is  concerned.  We 
do,  however,  receive  many  inquiries  and  orders  from  other  countries  in  which 
they  request  length,  breadth  and  thickness  of  belting  according  to  the  metric 
system,  and  in  filling  the  orders,  we  supply  them  with  the  nearest  measurements 
we  have  in  feet  and  inches. 

Brass  and  copper  goods:  Not  at  all  (6),  SUghtly  (2),  Elxtensively 

(1).    The  Bridgeport  Brass  Company  (in  export  trade  25  years), 

who  report  "Slightly,"  say: 

We  have  furnished  during  the  last  two  or  three  years  large  quantities  of 
brass  disks  for  the  manufacture  of  cartridge  cases,  the  dimensions  of  idiich  were 
specified  in  metric  units.  These  metric  units  we  simply  translated  into  the  cor- 
responding English  equivalents  and  proceeded  with  the  order.  We  have  made 
seamless  tubes  in  a  similar  manner  and  several  million  copper  bands  for  shrapnd. 

C.  G.  Hussey  &  Co.  (in  export  trade  60  years)  who  also  report 

*'Slightly,"say: 

Goods  are  shipped  to  metric  countries  in  both  millimeter  and  Rngjish  siies. 
Wc  should  say,  roughly,  that  the  English  sizes  amount  to  about  75  per  cent. 

Bolts,  nuts  and  rivets:  Not  at  all  (4),  Slightly  (3).  Boiler  tubes: 
Not  at  all  (1),  Considerably  (1).  Ball  bearings:  Not  at  aU  (1), 
Slightly  (1).  Balls:  Not  at  all  (2),  Considerably  (1).  The  Hoover 
Steel  Ball  Company  (in  export  trade  3  years)  who  make  this  last 
report,  say: 
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We  do  not  have  a  veiy  large  call  for  the  metric  oaoB  aad  preBome  thie  would 
not  amount  to  moce  than  5  pa  cent  of  our  eotire  eqport  orden. 

Brick:    Slighily  (1).    Boiler  tube  deauere:    CaxmdanJtliy  (1). 

The  William  B.  Pierce  Company  Qn  export  trade  19  yean)  ^o 

make  this  last  report,  say: 

In  countries  using  the  meirio  agrstflm  we  merely  use  that  system  for  turning 
and  measuring  the  outside  diameter  of  the  madiine. 

Boat  oars,  hardwood  dimension  stock,  etc.:  Sli|^tly  (1).    The 

Anchor  Sawmills  Ck)mpany  (in  export  trade  60  yean)  irtio  make  this 

report,  say: 

It  is  TBiy  rarely  that  boat  can  are  oidered  1^  the  metrie  system  as  the  EuiJB^ 
foot  is  used  as  the  unit  of  length  all  over  the  worid. 

Cutting  tools:  Not  at  all  (14),  Slightly  (4),  Considerably  (5). 
The  Cleveland  Twist  Drill  Company  Qn  export  trade  30  yean) 
TRiio  report  ''Considerably,''  say  tiiat  to  France,  Sweden,  Itafy  and 
Spain  their  shipments  are  90  per  cent  to  100  per  cent  metric.  Ship- 
ments to  Norway,  Holland,  Denmark  and  Russia  are  about  50  per 
cent  English  and  50  per  cent  metric.  Shqiments  to  Japan  are  about 
90  per  cent  EngUsh  and  10  per  cent  metric.  Shipments  to  Central 
and  South  America  are  95  per  cent  to  100  per  cent  EngKsh,  The 
Detroit  Twist  Drill  Company  (in  estport  trade  8  years)  say: 

AU  of  our  South  American  customers  use  more  English  siaes  than  metric. 
Some  of  the  French,  Italian,  Swedish,  Norwegian,  Russian,  in  fact,  most  all  of 
our  customers  of  Continental  Europe  use  some  proportion  of  Engjish  sixes. 

The  National  Tool  Co.  (in  export  trade  3  years)  who  report "  Con- 
siderably," say: 

In  most  every  case  we  have  used  both  the  millimeter  and  English  sises  and 
«4>proximately  the  percentage  would  be  50. 

The  Modem  Tool  Company  (in  export  trade  14  years)  who  re- 
port "Slightly,"  say: 

According  to  our  records  about  10  per  cent  of  the  tools  supplied  to  metric 
countries  are  required  in  millimeter  dimensions. 

The  Murchey  Machine  and  Tool  Company  (in  export  trade  3 
years)  who  report  "Slightly,"  say: 

About  one-tenth  of  our  export  business  is  in  millimeter  sixes. 

There  are  two  types  of  cutting  tools  —  those  which  by  their  own 
size  determine  the  size  of  the  work  done  by  them  (twist  drills,  reamers, 
taps,  dies,  milling  cutters  for  gear  teeth,  etc.)  and  those  whidi  do  not 
(most  mechanics'  hand  tools).  The  repUes  showing  the  use  of  the 
metric  system  relate  to  the  former  type  in  all  cases. 


L 
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The  remarks  under  weighing  and  measuring  instruments  below 
apply  here  almost  without  change.  Sizing  tools  of  millimeter  dimen- 
sions are  not  made  for  use  at  home,  but  to  sell  for  use  abroad. 

In  1916  a  report  on  The  Metric  System  in  Export  Trade  was 
issued  from  the  Bureau  of  Standards.  Of  thirty-three  pages  of 
illustrations  of  American  metric  products,  twenty-seven  show  weigh- 
ing and  measuring  instruments  and  sizing-cutting  tools  made  for 
sale  and  use  abroad,  while  three  of  the  remaining  six  illustrations 
show  lathes  so  arranged  that  others  may  cut  metric  screws  when 
necessary,  but  every  one  of  them  fitted  for  cutting  English  screws  as 
a  primary  function  with  makeshift  translating  gears  to  make  possible 
the  cutting  of  metric  screws. 

To  those  who  do  not  imderstand,  the  illustrations  make  an  im- 
pressive showing  of  the  progress  of  the  metric  system;  to  those  who 
do,  they  make  an  equally  impressive  showing  to  the  contrary. 

Many  of  these  tools  and  instruments  are  of  American  invention. 
Metric  coimtries  learn  of  their  merit  and  call  for  them.  We  adapt 
them  to  the  needs  of  such  customers  by  suitably  spacing  an^  number- 
ing the  divisions  by  which  their  indications  are  read. 

Chemicals:  Not  at  all  (19),  Shghtly  (1),  Extensively  (1).  Chemi- 
cal machinery:  Extensively  (1).  The  Werner  and  Pfleiderer  Com- 
pany, who  report  "  Extensively,"  say: 

When  originally  starting  here  in  this  country,  we  took  over  a  number  of 
patterns  and  drawings  in  metric  which  we  have  used  ever  since. 

Corsets:    Not  at  all  (1),  SUghtly  (2),  Considerably  (1).    Car 

wheels,  chilled  rolls,  and  roll-grinding  machines:   Not  at  all   (2), 

SUghtly  (1).    The  Lobdell  Car  Wheel  Company  (in  export  trade 

nearly  50  years)  who  make  this  last  report,  say: 

We  occasionally  get  orders  for  chilled  roUs  for  calendering  paper  to  go  sbroad 
and  the  dimensions  of  the  journals  and  necks  are  sometimes  speoifiad  in  milli- 
meters. We  have  also  had  orders  for  a  few  wheels  and  axles  with  the  metric 
sizes  specified  for  the  axle  and  hub  dimensions. 

Cotton  duck:  Not  at  all  (2),  SUghtly  (1).    The  Ekn  Qty  Cotton 

Mills  (in  export  trade  10  years)  who  make  this  last  report,  say: 

We  have  shipped  quite  a  bit  of  cotton  duck  to  Cuba  and  there  have  been  a 
few  instances  where  they  have  asked  for  metric  measurements.  For  the  last 
few  years  probably  95  per  cent  of  the  shipments  we  have  made  haye  been  biDed 
and  branded  with  the  usual  English  measurements. 

Clay-working  machinery:  Not  at  all  (1),  Slightly  (1).  The 
American  Clay  Machinery  Company  (in  export  trade  37  yean),  who 
make  this  last  report,  say  that  this  use  of  the  system  refen  <mly  to 
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dies  and  molds  used  in  presses  and  other  machines  for  making  clay 
goods. 

Candles,  stearine,  glycerine,  etc.:  Not  at  idl  (l),  Slif^tly  (1). 

Drop  forgings:  Not  at  all  (1),  Sli^tly  (2).  The  Armstrong 
Bros.  Tool  Co.  (in  export  trade  25  3rears)  say: 

subtly  here  means  only  on  siie  of  wrench  openings  for  some  wrenches  going 

to  the  Gcmtinent  of  Europe. 

« 

The  Billings  and  Spencer  Company  (in  e3cport  trade  55  years) 
who  also  report  "Slightiy,"  say  also  that  this  use  of  the  i^tem  refers 
only  to  ''opening?  in  machine  wrenches." 

Mectrical  machinery:  Not  at  all  (14),  Slightly  (1).    The  West- 

inghouse  Mectric  and  Manufacturing  Company  (in  export  trade  20 

years)  who  make  this  last  report,  say: 

Only  on  orders  from  foreign  countries  whffli  thqr  require  us  to  f oDow  their 
exact  dimensions.  This  is  required  in  only  a  very  small  fraction  of  the  buflineas 
taken  —  too  small,  in  fact,  to  state  in  figiures. 

Elevators,  escalators,  conveying  and  hoisting  machinery:  Not  at 
all  (8),  SUghtiy  (1). 

Explosives:  Not  at  all  (1-),  Slightly  (1). 

Electrical  wires,  cables  and  accessories:  Extensively  (1). 

Firearms,  sporting:    Not  at  all  (4),  Considerably  (1).    The  A. 

H.  Fox  Gim  Company  (in  export  trade  5  years)  who  make  this  last 

report,  say: 

About  half  of  our  foreign  orders  are  received  with  the  dimensions  of  the  guns 
in  the  metric  system.  '  ' 

Firearms,  military:  Not  at  all  (2),  Slightly  (1).  Fireclay  prod- 
ucts: Slightly  (1).  The  Laclede-Christy  Clay  Products  Company 
(in  export  trade  "several"  years),  say: 

On  one  of  the  inquiries  we  received,  the  size  of  the  material  required  was 
shown  in  kilos  and  our  quotation  was  made  on  the  same  basis.  The  order,  how- 
ever, has  not  been  received. 

Filters:  Not  at  aU  (2),  SUghtiy  (1). 

Glass,  including  plate,  window,  jars  and  bottles:    Not  at  all  (8), 

Slightly  (2).    The  Pittsburgh  Plate  Glass  Company  (in  export  trade 

3  years)  who  make  one  of  these  reports,  say: 

We  have  only  one  customer  (located  in  Meidco)  who  insists  upon-  the  metric 
s3nEitem. 

Ground-steel  shafting:  Slightly  (1).  The  Cumberland  Steel 
Company  (in  export  trade  20  years)  who  make  this  report,  say: 
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number)  are  cut  to  metric  pitches  and  tHe  dials  graduated  to  read  in 
millimeters  with  no  other  change  in  the  machine. 

Of  a  special  class  are  lathes  because  of  their  important  function  in 
cutting  screws  and  this  function  has  been  a  storm  center  of  this  con- 
troversy from  the  beginning.  For  this  purpose  lathes  are  fitted  with 
lead,  guide  or  master  screws  from  which  screws  of  other  pitches  are 
cut  by  the  aid  of  combination  or  change  gears. 

How  few  metric  countries  call  for  any  metric  features  of  machine 
tools  is  shown  by  the  following  remarks  by  machine-tool  builders. 
Except  for  lead  and  adjusting  screws,  which  a  few  metric  coimtries 
call  for  on  some  machines,  the  requirements  are  insignificant.  About 
two-thirds  of  the  replies  show  no  metric  features  whatever  to  be 
asked  for. 

The  Automatic  Machine  Company  (automatic  threading  lathes; 

in  export  trade  12  years)  say: 

We  furnish  the  various  countries  of  Europe  with  our  standard  lead  screw 
with  the  exception  of  France,  Spain  and  Italy  to  which  three  countries  we  fumtsh 
the  lathes  with  metric  lead  screws. 

Baker  Brothers  (keyway  cutting  machines;  in  export  trade  20 
years)  say: 

We  furnish  some  cutting  tools  in  metric  widths  for  keyseats,  but  the  minority 
arc  furnished  in  English  measurements  even  for  metric  coimtries. 

The  E.  W.  Bliss  Company  (metal-working  machinery;  in  export 

trade  40  years)  say: 

We  do  not  often  find  it  necessary  to  make  any  part  of  our  machines  to  metric 
measurements.  Occasionally,  some  part,  where  tools  already  existing  must  fit, 
is  required  to  be  made  to  dimensions  in  millimeters. 

The  Cincinnati-Bickford  Tool  Company  (drilUng  machines;    in 

export  trade  "many"  years)  say: 

We  use  metric  speed  and  feed  plates  and  give  metric  graduations  on  spindle 
sleeves  or  dial  depth  gages. 

The  Cincinnati  Gear  Cutting  Machinery  Co.  (geai^cutting  ma^ 

chines;  in  export  trade  9  years)  say: 

For  European  countries  we  furnish  a  metric  elevating  screw  for  the  work 
arbor  and  cutter  arbor  of  metric  diameter.    All  other  dimensions  are  EniJUah. 

The  Cincinnati  MilUng  Machine  Company  (milling  machinee;  in 

export  trade  20  years)  say: 

This  applies  to  the  feed  screws  which,  for  metric  countries,  are  made  so  that 
the  dial  reads  in  millimeters  instead  of  thousandths  of  an  inch.    Some 
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oountries  require  ciifeter  arbon  made  to  metrio  diaineterB.    Other  waatikiB,  not- 
ably Inranoey  require  catt»  arbors  made  to  the  inch  standard. 

The  Cinciimati  Planer  Co.  (planers  and  boring  milk;  in  export 

trade  19  years)  say: 

Nevw  eaDed  on  for  any  changes  ezoept  some  graduated  dials  and  screws  to 
be  made  metric. 

The  Detrick  and  Harvey  Machine  Company  (planers,  horisontal 

boring  machines,  gun  lathes,  etc.;  in  export  trade  25  yem)  say: 

Only  in  the  matter  of  furnishing  metric  reading  scales  en  certain  madiines. 
We  have  sold  machinery  in  Eni^bmd,  France,  Qermany,  Basaia,  Italy,  Hc^Iand, 
N<nway,  J^ian,  South  Africa,  Chile,  and  other  foreign  countries. 

The  Gleason  Works  (gear-cutting  machinery)  say: 
Hie  only  use  we  ma&e  of  metric  Him<m«nin«  in  our  work  is  when  we  manu- 
facture adjusting  screws  to  metric  standards  to  be  used  in  conjunction  with 
metric  scales  which  show  rdative  movements  of  parts  of  the  madiines. 

The  Eempsmith  Manufacturing  Company  (milling  machines;  in 

export  trade  20  years)  say: 

AH  madunes  for  export  to  France  are  f urmshed  with  metric  screws  and  dials^ 
Otherwise  our  machines  are  built  to  "B^glta^  measurements. 

The  Landis  Tool  Company  (cylindrical  grinding  machines;  in 
export  trade  20  years)  say: 

Not  over  5  per  cent  of  our  foreign  customers  require  metric  measures. 

The  Lees-Bradner  Company  (in  export  trade  4  years)  say: 
We  supply  metric  lead  screws  to  France  only. 

The  Lodge  &  Shipley  Machine  Tool  Company  (engine  lathes;  in 

export  trade  25  years)  say: 

The  only  metric  dimensions  used  on  the  parts  of  any  of  our  products  are  the 
load  screws  which  are  made  in  the  metric  system  on  lathes  shipped  into  France 
only. 

The  Lucas  Machine  Tool  Company  (horizontal  boring  machines; 
in  export  trade  14  years)  say: 

To  the  extent  of  furnishing,  in  those  cases  specified,  metric  traversing  screws 
and  dials  graduated  in  millimeters  and  speed  and  feed  plates  reading  in  milli- 
meters instead  of  inches. 

The  Morris  Machine  Tool  Company  (lathes  and  radial  drills;  on 
export  trade  10  years)  say: 

Occasionally,  we  furnish  lathes  to  cut  metric  pitch  threads. 

The  Norton  Grinding  Company  (cylindrical  grinding  machines; 
in  export  trade  16  years)  say: 
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There  are  four  small  parts  of  our  grinding  machines  that  we  make  to  metric 
measurements  for  a  few  customers  in  some  European  countries. 

The  Rockford  Drilling  Machine  Company  (drilling  machines;  in 

export  trade  17  years)  say: 

Metric  dimensions  are  stamped  on  drilling-machine  quill  on  machines  for  cer- 
tain foreign  countries. 

The  Springfield  Machine  Tool  Company  (lather  and  shapers;  in 

export  trade  25  years)  say: 

Metric  system  used  only  for  French  trade  in  which  only  the  lead  sorew  and 
cbf^nge  gears  are  metric. 

The  Warner  &  Swasey  Company  (turret  lathes)  say: 

We  have  furnished  on  special  orders  screw-threading  dies  and  chudc  jaws  to 
metric  sizes. 

Shortly  after  the  beginning  of  the  great  war  the  American  Ma^ 
chinist  sent  a  conmiissioner  (Mr.  O.  P.  Hood)  to  South  America. 
Mr.  Hood  who  speaks  both  Spanish  and  Portugese  made  the  circuit 
of  the  continent,  spending  18  months  at  the  task,  and  returned  with 
substantially  a  census  of  the  personnel  and  equipment  of  South 
American  machine  shops.  Mr.  Hood's  papers  show  that  in  the 
machine  shops  of  South  America  —  of  which  there  are  more  than 
most  people  reaUze  —  39.3  per  cent  of  the  machine  tools  are  Am- 
erican, 43.2  per  cent  are  British  and  the  remaining  17.5  per  cent  are 
German,  Belgian  and  French.  While  South  American  shops  have 
the  world  from  which  to  buy,  they  choose  machine  tools  made  to 
English  over  those  made  to  metric  measures  in  the  ratio  of  nearly  5 
to  1.  Moreover,  commercial  Gennany  has  long  been  splendidly 
represented  in  South  -America,  while  we  have  never  been  and  Ger- 
many has  had  ample  shipping  and  banking  faciUties  which  we  have 
not. 

Mechanical  presses:  Not  at  all  (2),  Slightly  (1).    The  Ferracute 

Machine  Company  (in  export  trade  35  years)  who  make  this  last 

report,  say: 

There  are  a  few  cases  through  our  French  agents  where  it  is  neoaemy  that 
holes  be  tapped  and  bolts  be  threaded  by  the  metric  system,  but  in  eaeh  esse 
they  allow  us  to  furnish  the  bolt  in  blank  and  the  hole  drilled  so  that  it  esn  be 
properly  tapped  by  the  metric  system  and  the  bolt  threaded  by  metric  qrstem 
after  it  arrives. 

Magnetos:  Not  at  all  (1),  Slightly  (1).  Machinery  and  equip- 
ment pertaining  to  the  meat  industry:  SUghtly  (1). 
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Optical  goods:  Not  at  all  (5),  Slightly  (2),  Considerably  (2), 
Extensively  (1). 

The  use  of  the  metric  system  in  optical  work  applies  only  to  the 

grinding  of  lenses,  the  mechanical  parts  of  cameras,  microscopes,  etc., 

being  made  to  the  English  system.    The  Eastman  Kodak  Company 

say: 

Used  only  in  connection  with  optical  work,  i^.,  kns  manufactare. 

The  Spencer  Lens  Company  (in  export  trade  10  years)  say: 

We  do  use  it  mostly  for  the  lens  woik,  but  are  inconsistent'eDOUi^  to  use  the 
Engliflh  ssrstem  for  mechanical  wotk. 

This  system  was  not  adopted  for  the  benefit  of  export  trade  as  is 

shown  by  the  following  from  the  Eastman  Kodak  Company: 

It  is  customary  in  this  work  to  use  the  metric  system  ol  measurement,  prob- 
ably because  the  practice  in  U.  S.  A.  followed  foreign  practice  where  lens  optics 
were  first  perfected. 

Lens  manufacture  is  one  of  many  examples  of  the  manner  in 
which  an  industry,  when  transferred  from  one  country  to  another, 
carries  with  it  the  units  of  measurement  on  which  it  was  developed. 

Another  illustration  is  found  in  shoe  machinery.  The  United 
Shoe  Machineiy  Company  write: 

Our  company  established  factories  in  En^^d,  France,  Germany  and  Aus- 
tria, and  have  exported  goods  and  maintained  subsidiary  companies  or  branch 
offices  in  practically  all  of  the  countries  of  South  America. 

In  order  to  maintain  uniformity,  such  machines  as  we  manufacture  both  at 
home  and  abroad,  the  English  system  of  measurements  is  used  in  all  countries  so 
that  if  necessary  machines  and  parts  may  be  supplied  from  one  country  to  another. 

Another  illustration  is  foimd  in  machinery  and  appliances  for  the 
chemical  trade,  regarding  which  the  Werner  and  Pfleiderer  Com- 
pany write: 

When  originally  starting  here  in  this  country,  we  took  over  a*number  of  pat- 
terns and  drawings  in  metric  which  we  have  used  ever  since. 

Again,  the  Whitehead  torpedo  carried  the  English  inch  from 
England  to  Austria;  as,  again,  steel  balls  carried  it  from  the  United 
States  to  Germany.  The  methods  of  wholesale  precision  manu- 
facture of  balls  were  developed  in  this  country  and  taken  to  Ger- 
many where  the  customary  practice  today  is  to  make  steel  balls  to 
inch  dimensions  —  German  formulae  for  the  carrying  capacity  of 
ball  bearings  containing  a  factor  for  the  diameter  of  the  balls  in 
English  inches. 

In  the  manufacture  of  silk  fabrics,  among  Western  nations, 
France  early  gained  the  leading  position  and,  as  a  result,  the  French 
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system  of  numbering  silk  based  on  the  denier  (a  weight)  and  the 
aune  (a  unit  of  length)  became  not  only  the  silk  standard  of  France, 
but  of  all  countries,  and  is  today  the  world  standard  for  silk.  In 
like  manner,  the  early  dominance  of  England  in  the  cotton  trade  has 
made  the  EngUsh  system  of  numbering  cotton  yam  based  on  the 
yard  and  pound  the  standard  of  the  world,  the  only  exception  being 
France  where  it  was  found  impossible  to  force  the  metric  system 
based  on  the  kilometer  and  kilogram  on  the  cotton  trade,  the  result 
being  a  compromise  by  the  adoption  of  a  system  based  on  the  kilo- 
meter and  metric  pound,  the  numbers  of  which  were,  approximately, 
but  one-sixth  less  than  those  to  which  the  trade  had  been  accus- 
tomed. 

Equally  striking,  is  the  establishment  as  world  standards  of  the 
EngUsh  standards  for  numbering  Unen  and  jute  yam. 

But  the  most  impressive  example  of  the  spread  of  standards  of 
measurement  as  a  result  of  industrial  development  is  presented  by 
Russia,  whose  system  of  linear  measurements  is  based  on  the  English 
inch  and  foot  as  a  result  of  the  visit  of  Peter  the  Great  to  England 
about  1701.  Working  in  the  English  shipyards,  the  Russian  Csar 
was  impressed  by  the  skill  of  English  mechanics  and  whep  he  re- 
tumed  home  took  with  him  a  number  of  English  workmen  to  intro- 
duce their  trades  in  Russia.  In  doing  this,  they  also  introduced  the 
English  inch  and  foot  which  are  now  in  general  use  throughout  that 
great  area  known  as  Russia.  The  Russian  duim  is  the  Kngh'sh  inch; 
the  Russian  foot  is  the  English  foot;  the  arshine  is  28  inches;  the 
sagene  is  7,  and  the  verst  is  3500  English  feet.  All  these  are  stand- 
ards that  will  survive  revolutions  and  invasions  and  are,  with  the 
language,  the  most  stable  of  the  country's  institutions. 

Oil-mill  jnachinery:   Shghtly  (1).    The  American  Machine  and 

Manufacturing  Company  (in  export  trade  6  years),  who  make  this 

report,  say: 

We  have  to  give  feet,  inches,  etc.,  as  well  as  metric  meaBuraiMoii  in  some 
cases. 

Oilless  bearings:  Slightly  (1).  The  Bound  Brook  OiUess  Bearing 
Company,  who  make  this  report,  say: 

Only  on  rare  occasions  do  we  receive  an  order  in  metric  mesmmaieiits. 

Oxygen  apparatus:  Extensively  (1). 

Power-transmission  machinery:  Not  at  all  (8),  Slightly  (3).  The 
Dodge  Manufacturing  Company  (in  export  trade  for  25  yean)  who 
make  one  of  these  reports,  say: 


^' 
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Probably  99  per  cent  of  our  export  production  is  made  on  EngJiah  measure- 
ments and  wdg^ts  that  is,  inches,  feet  and  pounds. 

The  Standard  Preesed  Steel  Company  (in  e3cport  trade  10  to  12 

years),  who  make  another  of  these  reports,  say: 

Our  Pioneer  steel  shaft  hangers  are  sold  rathor  extensivdy  to  concerns 
throuj^iout  Ehirope  and  other  markets  where  the  metric  system  is  used,  and  inr 
asmuch  as  in  some  of  these  countries,  shafting  ol  millimeter  diameter  is  used,  it 
is  necessary  that  we  babbitt  the  bearings  in  our  shaft  hangers  to  a  ccHrresponding 
diameter. 

The  T.  B.  Woods  Sons  Company,  who  make  the  third  of  these 
reports,  say: 

The  only  places  we  use  metric  sises  in  our  work  is  in  boring  puUejrs  and  other 
appliances  which  are  used  on  line  shafts. 

Perforated  metals:  Slightly  (3).  The  Harrington  and  King  Per- 
forating Company  (in  export  trade  ''many"  years),  say: 

On  receipt  of  an  order  it  (the  metric  qrst^n)  is  dianged  to  the  Kngjish  syston 
and  thus  put  through  the  factory  with  a  few  exceptions.  We  often  use  the 
metric  qrstem  for  specifying  the  sise  of  perfcvations  in  our  own  factoiy  and  to 
both  foreign  and  domestic  customers. 

Pipe:  Not  at  aO  (8),  Extensively  (1).  In  this  case,  cast-iron  pipe. 
Platinum:  Extensively  (1).  Paper:  Not  at  all  (13),  Considerably 
(1),  Extensively  (1), 

Picture  frames  and  moldings:  Not  at  all  (2),  Slightly  (1). 
The  Indiana  Moulding  &  Frame  Company,  who  make  the  last  re- 
port, say: 

Very  few  orders  received  requiring  lengths  or  sizes  in  meters. 

Piping:  Not  at  all  (1),  Slightly  (1).  The  BaUwood  Company 
(in  export  trade  5  years)  who  make  this  last  report,  say: 

We  sometimes  get  orders  for  pipe,  the  lengths  and  flanges  of  which  have  to 
be  finished  to  metric  dimensions. 

Paper  cutters:    Slightly  (1).    The  Chandler  &  Price  Company 

(in  export  trade  20  years)  who  make  this  report,  say: 

On  a  few  paper  cutters,  we  use  the  metric  system  in  graduating  the  brass 
rule  on  the  bed. 

Rubber  goods,  including  automobile  tires,  hose,  etc.  Not  at  all 
(11),  Slightly  (9),  Considerably  (2),  Extensively  (1).  The  practice 
regarding  automobile  tires  is  given  above  imder  automobiles.  The 
Boston  Woven  Hose  and  Rubber  Company  (in  export  trade  30 
years)  who  report  "Slightly"  say: 
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The  manufacture  of  hose  for  countries  using  the  metric  system  ia  identical 
with  the  process  used  for  hose  consumed  in  this  country  with  the  single  ezoeption 
that  the  hose  is  made  of  a  definite  number  of  meters  long  instead  of  feet. 

The  Electric  Hose  and  Rubber  Company  (in  export  trade  12 

years)  who  report  "Slightly/^  say: 

We  ship  goods  to  metric  countries  made  to  both  English  and  millimeter 
sizes,  about  2  per  cent  of  which  are  made  to  millimeters  and  the  balance  to  En^^Ush 
sizes. 

The  Manhattan  Rubber  Manufacturing  Company   (in  export 

trade  20  years)  who  report  "SUghtly,"  say: 

Some  buyers  in  metric  coimtries  insist  on  metric  measurements,  others  do 
not.  In  not  more  than  twenty  cases  in  a  year's  time  goods  are  ordered  from  us 
with  the  dimensions  specified  in  the  metric  system. 

The  Lee  Tire  and  Rubber  Company  (in  export  trade  6  years)  who 
report  "Slightly,"  say: 

We  ship  both  English  and  millimeter  sizes  to  South  America. 

The  Goodyear  Tire  and  Rubber  Company  who  have  been  widely 

heralded  as  having  "adopted"  the  metric  system,  say: 

We  are  shipping  tires  made  in  both  English  and  metric  sixes  to  countries 
using  the  metric  S3r8tem.    We  estimate  that  somewhat  less  than  20  per  cent  of 
our  total  tire  exports  are  made  up  of  metric  sizes.    In  addition,  we  are  actually 
making  partial  use  of  the  metric  system  in  manufacturing  practice,  [and  "par- 
tial use"  is  as  far  as  they  will  ever  get.] 

Railway  material:    Not  at  all  (2),  SUghtly  (2).    The  National 

Malleable  Castings  Company  (in  export  trade  "several"  years)  say: 

We  have  had  to  work  from  the  metric  system  dimensions  on  some  of  the 
foreign  blueprints  that  we  have  furnished.  The  use  we  make  of  the  metric 
system  is  so  small  as  hardly  to  be  considered. 

Seamless  Steel  Tubing:  Not  at  all  (1),  SUghtly  (2).    The  Elwood 

Ivins  Tube  Works  (in  export  trade  20  years  or  more)  who  make  one 

of  these  reports  say: 

When  any  person  orders  tubing  made  by  metric  measure,  we  immediate 
translate  it  in  decimals  of  an  inch.  We  never  bill  our  tubes  in  metric  measure, 
billing  them  in  decimals  of  an  inch.  It  is  not  by  any  means  frequent  that  we  get 
orders  by  metric  measure. 

Steel  and  iron  products:  Not  at  all  (31),  SUghtly  (1),  Consider- 
ably (2).  Shackle  bolts  and  auto  accessories:  Slightly  (1).  The 
Bowen  Manufacturing  Company  (in  export  trade  22  years)  who 
make  this  report  say: 

On  one  occasion  we  had  to  make  a  lot  of  spring-shackle  bolts  having  a  metric 
thread  at  one  end. 
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Sugar  machinery:  Not  at  all  (8)9  Slightly  (2).    The  Joubert  & 

Goslin  Machine  and  Foundry  Company  (in  export  trade  12  years) 

who  make  one  of  these  reports,  say: 

The  only  time  that  we  are  called  upon  to  follow  metrie  dimenBums  is  where 
we  funuBh  some  repair  parts  or  make  some  addition  to  a  machine  built  in  Europe. 

Lewis  Colwell  (in  export  trade  20  years)  who  makes  the  other  of 

these  reports  says: 

Only  when  regain  or  changes  are  required  of  installaticm  ol  some  foreign 
manufacture. 

Scientific  instruments:  Not  at  all  (2),  Slightly  (1),  Ektensively 

(1).    The  Brown  Instrument  Company  say: 

We  build  instruments  [pyrometera]  using  both  the  f ahrenheit  and  the  centi- 
grade scaks.  In  this  country  probably  one  out  of  every  hundred  ordos  calls  for 
the  centigrade  range. 

Semi-rare  ores  and  their  products:    Slightly  (!)•    The  Foote 

Mineral  Company  (in  export  trade  41  years)  say: 

We  bdieve  that  less  than  half  our  f weign  trade  requests  the  marks  on  either 
invoice  or  packages  to  be  in  metric  units,  and  we  believe  that  not  mote  than  5 
per  cent  of  it  requires  that  the  containers  w  goods  be  actually  metric  in  character 
as  well  as  in  marks. 

Sugar,  coffee  and  rice  machinery:  Considerably  (1).  The  Bah- 
mann  Iron  Works  Company  (in  export  trade  8  years)  who  make  this 
report,  say: 

We  have  considerable  repair  work  for  existing  machinery  in  South  American 
countries. 

Steam  and  plumbing  supplies:  Not  at  all  (4),  Slightly  (1).    The 
John  Simmons  Company  (in  export  trade  27  years)  say: 
Lengths  of  pipe  in  meters  for  some  countries. 

Spring?:  Slightly  (1).    The  Mather  Spring  Company,  who  make 

this  report,  say: 

We  find  that  in  general  the  English  dimensions  have  proven  satisfactory 
except  in  a  very  few  cases. 

Safety  fuse:    Slightly  (1).     The  Ensign  Bickford  Company  (in 

export  trade  50  years)  who  make  this  report,  say: 

For  export  to  South  America  and  certain  other  countries,  we  are  often  re- 
qiiired  to  measure  the  length  of  the  fuse  as  well  as  given  dimensions  and  weights 
in  metric  units. 

Shirts  and  collars:  Not  at  all  (2),  Slightly  (1).  Surgical,  dental 
and  hospital  equipment  and  supplies:   Not  at  all  (7),  Slightly  (1). 
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Spark  plugs:   Not  at  all  (1),  Considerably  (1).    The  New  York 

&  Brooklyn  Auto  Supply  Company  say: 

According  to  our  experience  50  per  cent  are  shipped  in  metric  thread  and  the 
balance  in  American  threads. 

TextUe  machinery:  Not  at  all  (9),  Shghtly  (1).    J.  E.  Windle  (in 

export  trade  "several*'  years)  says: 

We  have  had  to  make  measuring  dials  register  in  metric  measure  on  several 
machines  we  have  exported  the  past  few  years. 

Tractors:  Not  at  all  (4),  Shghtly  (1).  The  Knox  Motors  Com- 
pany (in  export  trade  three  years)  say: 

Metric  sized  spark  plugs  are  used  in  our  cylinders  on  export  Bhq>ment8,  also 
metric  measure  is  used  in  some  ball  bearings. 

Transmissions  for  marine  explosive  engines:  Slightly  (1).  The 
Evans  Stamping  and  Plating  Company  (in  export  trade  six  years) 
who  make  this  report,  say: 

On  shipments  to  Belgium  to  fit  shafts  to  metric  dimensions. 

Tobacco:  Not  at  all  (7),  Shghtly  (1). 
Textiles:  Not  at  aU  (13),  Considerably  (1).^ 
Stay  bolts:  Shghtly  (1). 

The  Flannery  Bolt  Company  (in  export  trade  10  years)  say: 

We  furnish  goods  to  certain  countries  where  it  was  necessary  to  state  both 
millimeter  and  English  sizes.  We  have  not  really  furnished  anjrthing  to  milli- 
meter size  alone. 

Tool  holders:  Shghtly  (1).  The  Western  Tool  and  Manufactur- 
ing Company  (in  export  trade  10  years)  say  that  this  refers  to  thread- 
ing tools  only. 

Vulcanized  fiber,  Extensively  (1). 

Watches  and  watch  cases:  Not  at  all  (5),  Elxtensively  (2). 

The  metric  system  was  not  originally  applied  to  American  watch 
manufacture  for  the  benefit  of  export  trade,  but  because  it  was 
believed  to  be  better  adapted  to  the  industry.  The  pioneer  Ameri- 
can (the  Waltham)  works  adopted  it  at  an  early  date  and  have 
continued  it.  I^ater,  the  Waterbury  (now  the  IngersoU)  Works 
were  fitted  out  by  men  from  the  Waltham  Works  who  took  the  metric 
system  with  them,  but  all  other  American  watch  works  conduct  their 
operations  on  the  English  system. 

^  The  questionnaire  containing  this  report  carries  an  undedphermble 
ture,  making  it  impossible  to  send  a  second  form  letter. 
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A  parallel  example  is  found  in  steam  boiler  injectors.  This  in- 
dustry was  imported  from  France  by  William  Sellers  &  Company 
who  adopted  and  have  continued  the  use  of  the  metric  system,  but 
no  competitor  has  followed  their  ex:amplei  all  other  injector  factories 
being  conducted  on  the  Bnglish  system. 

Another  example  is  found  in  card-indexing  and  filing  systems. 
The  pioneer  in  this  industry  —  The  Library  Bureau  —  was  founded 
by  Mr.  Melville  Dewey  who  was  a  metric  enthusiast  and  therefore 
adopted  the  metric  system  at  the  beginning.  Competitors  failed  to 
follow  the  example  of  the  Library  Bureau,  and  that  company  has 
now  abandoned  the  system. 

The  Library  Bureau  say: 

Some  yean  ago  all  attempt  at  wcnidiig  to  metric  suea  and  bringiiig  out  new 
eaaes  was  abandoned  and  the  cdd  Hnea  were  duplicated  with  foil  dhnenmoPB. 

Our  draftsmen  and  mechanios  failed  to  make  any  attonpt  tofamiliariBe  them- 
sdves  with  the  metric  syBtem,  but  simply  translated  the  metric  dimfgwionB  into 
Ekuc^ish  inches  or  fractions  thereof,  and  woiked  aooardin^.  I  do  recaO,  how- 
ever, having  known  one  man  connected  with  library  Bureau  in  former  days 
who  was  inclined  to  brag  that  he  had  mastered  the  metric  system  sufficiently  so 
that  he  could  actually  think  in  it  as  wdl  as  he  could  in  feet  and  inches,  but  I  take 
it  that  his  was  a  very  rare  case. 

A  fourth  example  is  found  in  magnetos.  The  Ericsson  Manu- 
facturing Company  who  manufacture  the  Berling  magneto  write: 

As  a  matter  of  fact,  10  years  ago  we  used  the  metric  measures  in  this  plant 
exclusively,  but  owing  to  inability  to  get  American  mechanics  who  could  use  the 
metric  system,  we  found  it  necessary  to  shift  to  the  English  measures  and  they 
are  now  used  exclusively  by  us  both  for  our  product  for  domestic  and  export 
manufacture. 

A  fifth  example  is  found  in  the  chemical  industry  of  the  Solvay 

Process  Company,  of  which  the  drawings  used  in  the  construction  of 

the  first  plant  came  from  Belgium  and  were  in  the  metric  system. 

The  Solvay  Process  Company  write: 

As  the  workmen  in  this  country  were  not  used  to  these  measures,  it  became 
necessary  to  translate  them  into  the  foot  and  inch  system.  In  many  cases  this 
was  done  by  using  40  inches  for  the  meter  which  gave  even  inches.  We  have 
stuck  to  the  foot  and  inch  for  measurements  because  it  was  too  much  of  a  task  to 
educate  all  of  oiu:  workmen  to  the  other  system. 

It  should  be  added,  however,  that  the  Solvay  Process  Company 
have  continued  to  use  metric  measures  of  weight  and  capacity. 

Here  are  five  examples  of  the  attempted  adoption  of  the  metric 
system  under  the  most  favorable  possible  conditions,  namely,  at  the 
beginning  of  an  industry.    In  two  of  these  cases,  it  has  been  aban- 
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doned  outright,  and  in  the  third,  abandoned  for  measures  of  length.^ 
In  the  other  two  cases,  it  has  been  continued  in  the  factories  where 
it  was  introduced,  but  it  has  not  spread  to  other  factories  which 
followed  them  in  point  of  time. 

Moreover,  those  who  continue  to  use  the  system  because  they 
have  estabUshed  an  industry  upon  it  and  find  the  same  difficulty  in 
changing  from  it  that  they  would  in  changing  from  the  KngliRh  sys- 
tem, do  not  find  the  anticipated  advantages.  William  Sellers  A 
Company,  who  introduced  the  system  in  the  manufacture  of  injectors, 
write: 

Our  experience  with  the  metric  system,  extending  over  50  yean,  does  not 
encourage  us  to  extend  its  use  beyond  the  borders  of  the  shop  and  the  olaas  of 
work  for  which  it  was  originally  started. 

Weighing  and  measuring  instruments  including  pressure  gages, 

etc.:    SUghtly  (8),  Considerably  (2).    The  H.  W.  Johns-Manville 

Company  who  report  "SUghtly"  say: 

When  we  have  orders  for  speedometers  for  Latin  countries  or  Gennany,  we 
make  them  to  show  kilometers  and  not  miles.  On  orders  from  Russia,  we  make 
them  to  show  Russian  versts  and  not  miles.  The  number  of  instruments  sold 
to  these  countries  is  very,  very  small  as  compared  with  countries  using  miles. 

The  L.  S.  Starrett  Company  (in  export  trade  25  years)  who 
port  "Considerably,"  say: 

We  estimate  that  not  more  than  5  per  cent  of  our  product  is  in  the 

system. 

The  Goodell-Pratt  Company  (in  export  trade  22  years)  say: 

We  make  a  few  measuring  instruments  with  metric  graduations.  Other  than 
that,  we  use  no  metric  measurements  at  all  and  for  an  average,  over  a  period  of 
20  years,  40  per  cent  of  our  product  has  been  exported. 

The  Richardson  Scale  Company  (in  export  trade  12  years)  who 

report  "Slightly,"  say: 

Our  scales  being  of  the  even  arm  type,  our  weights  are  all  dead  wei^ts  and 
it  makes  no  difference  what  kind  of  weights  are  used.  [Which  is  to  say  that  the 
scales  supplied  to  metric  countries  are  identical  with  those  supplied  for  home  tiade.] 

American  makers  of  weighing  and  measuring  instruments  have 
developed  a  large  export  trade  and,  for  metric  countries,  they  are,  of 
course,  to  give  their  indications  in  metric  units.  For  ezample, 
weighing  scales  of  the  dial  type  are  made  to  read  in  kilograms,  linear 
measuring  instruments  in  millimeters  and  pressure  gages  in  kilograms 
per  square  centimeter. 

*  It  is  well  known  that  the  great  difficulty  of  the  change  oenten  about  the 
u  nit  of  length. 
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Worm  gears  and  lead  screws:  Slightly  (1).    The  Hindley  Gear 

Company  who  make  this  report  say: 

The  qiumiity  (made  to  metric  measurements]  is  so  sii^  in  proportion  to  the 
amount  of  bosineaB  we  do,  that  we  hardly  know  idiat  pereentage  to  daim  — 
doubtful  if  it  amounts  to  i  of  1  percent. 

Products  not  specified:  Sli^tly  (1). 


EXCLUSIVE  USE  OF  THE  MSTBIC  STBTEIC  IN  PBOBUCTION 


One  representative  of  each  of  the  following  industries  relies  to 
the  first  question  by  placing  his  cross  in  the  Eandusively  line: 

Carbon  products  (1),  proprietary  medicines  (l),  coin-operated 
machines  and  violino  virtuoso  instruments  (1),  piston-head  packing 
rings  for  automobiles  (1),  drills,  reamers  and  tools  (1). 


THE  SECOND  QUESTION 


We  have  found  it  advisable  to  pack  our  goods  for  trade  with  metric  countries 
in  oontainen  of  metric  dimensions  or  containing  metric  weig^hts  to  the  f oUowing 


The  use  of  the  metric  system  disclosed  by  the  second  question, 
while  of  trifling  importance  as  compared  with  the  use  covered  by  the 
first  question,  is  even  more  instructive  as  a  means  of  showing  the 
slight  call  for  its  adoption  for  the  benefit  of  export  trade. 

This  question  was  intended  to  cover  those  goods  which  are 
shipped  in  tin  cans,  pasteboard  boxes  and  other  containers  of  definite 
metric  weight  or  capacity. 

Following  is  a  summary  of  the  replies  to  the  second  question. 


TABLE  2    SUMMARY  OF  REPLIES  TO  THE  SECOND    QUESTION 


Count  of  raturuB 


Not  at  all 

Slightly 

CoDsiderably 

Extensively 

Elxelusively 

Give  metric  weights  and,  in  a  few  cases,  dimen- 
sions on  shipping  cases  and  bills  of  lading 

No  reply  to  this  question 

Total 


746 

24 

16 

13 

1 

546 
99 

1445 


Pbt  oqdI 


51.6 

1.7 

1.1 

0.9 

Negligible 

37.9 
6.8 

100.00 
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FU  Replies  to  the  number  of  106  place  the  cross  for  the  second  ques- 
tion in  the  Not  at  All  line,  and  follow  this  under  Remarks  and  Par- 
ticulars with  the  statement  that  they  make  out  shipping  documents 
and  give  weights  of  shipping  parcels  in  metric  units.  Such  replies 
are  clearly  a  discrimination  between  metric  containers  and  the  giv- 
ing of  weights  of  shipments  in  metric  terms,  and,  in  the  intended 
meaning  of  the  second  question,  should  be  included  in  the  Not  at  AU 
replies.  This,  however,  has  not  been  done,  all  such  replies  being 
included  in  the  classification  of  those  who  give  metric  weights  on 
shipping  cases  and  bills  of  lading. 

The  questionnaire  was  not  framed  to  bring  out  the  effect  of  the 
laws  of  foreign  countries  on  shipping  methods  and,  had  it  been  so 
framed,  no  definite  summary  of  the  facts  could  have  been  obtained 
because  the  extent  of  this  use  of  metric  units  in  the  case  of  any  ship- 
per depends  upon  the  countries  to  which  he  makes  shipments.  How- 
ever, many  remarks  upon  the  papers  throw  Ught  upon  this  phase  of 
the  subject.    Of  these,  the  following  are  typical  examples: 

In  a  small  part  of  our  shipments,  we  find  it  necessary  to  give  the  woc^ts  in 
kilograms.     (In  export  trade  10  years.) 

In  some  instances  we  have  had  to  make  crates  with  metric  dimensions  and 
weights,  and  have  given  metric  dimensions  on  invoices.     (15  years.) 

We  sometimes  mark  tags  and  boxes  with  the  metric  system. 

Possibly  2  per  cent  of  export  shipments.     (10  to  15  years.) 

This  is  not  required  on  more  than  10  per  cent  of  our  export  shipments. 
(25  years.) 

In  some  instances  we  have  been  requested  to  put  the  weights  in  the  metric 
system  as  well  as  our  own.     (135  years.) 

They  [metric  units]  are  used  in  this  connection  but  slightly.  (A  great  many 
years.) 

Only  a  very  few  times.     (8  years.) 

We  have  only  made  two  or  three  shipments  during  the  past  year  where  they 
required  us  to  weigh  the  articles  in  kilos.     (3  years.) 

The  number  of  these  requests  have  been  few. 

In  a  few  cases,  we  have  been  asked  to  mark  our  cases  using  the  metric  system 
for  weights  and  measurements.     (5  years.) 

This,  however,  was  done  only  in  possibly  a  half-dosen  instances.     (3  yean.) 

Crates  marked  with  weights  in  kilos  in  a  few  shipments.     (8  years.) 

We  have  been  called  upon  to  pack  goods  according  to  metric  wei^ta  and 
dimensions  to  a  small  extent.     (2  years.) 

We  have  not  found  it  necessary  to  use  metric  dimensions  and  metric  wei^ts 
on  more  than  three  or  four  occasions.     (12  years.) 

In  a  very  few  instances,  we  are  asked  to  give  weights  to  the  eustomer  in 
kilos.     (25  years.) 

In  shipping,  we  arc  sometimes  required  to  mark  weights  of  cases  in  Idlos 
(40  years.) 
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In  some  cases,  marie  export  packages  with  metric  wei^ts. 
Occamonally,  besides  the  Engjiwh  net  and  gfKSBB  wei^ts,  we  are  zequested 
also  to  ghre  the  kflos.    (9  years.) 

Sometimes  adced  to  give  all  particulars  of  wei^ts  and  measurements  in  metric 
figures.    (60  years.) 

F<ur  customs  purposes  in  a  very  few  instances.    (12  jrears.) 
Occasionally  we  have  a  request  to  give  sise  of  crate  and  weight  of  shipmept 
in  advance  in  the  metric  system.    (15  years.) 

Ai^lies  to  about  1  per  cent  of  our  shipments.    (20  jrears.) 
Occasionally  requested  to  give  not  only  the  wcdi^ts  in  kilos,  but  also  the 
metric  measurements  of  the  packages.    (10  years.) 

This  applies  to  dimensions  of  packing  cases  which  all  countries  aoc^  frmn 
us  in  cubic  feet  and  cubic  inches.    (10  years.) 

The  request  for  use  oi  the  metric  system  is  not  general  or  uniyersal  fran  aH 
our  customers  in  any  one  country.  Some  customos  require  it,  ^ndiile  others  in 
the  same  country  do  not.    (30  years.) 

In  a  few  instances,  weights  in  kilos  have  been  required.    (25  years.) 
Only  cm  rare  occasfens.    (20  years.) 

In  a  few  cases  we  have  been  asked  to  give  wdi^ts  in  kilograms.    (25  years.) 
Weii^ts  oi  shipments  and  dimensions  of  packages  in  a  very  few  cases  were 
given  in  metric  units.    (30  years.) 

Occasionally,  when  so  specified.    (More  than  30  years.) 
y&y  seldom  are  we  required  to  use  the  metric  ssrstem.    (30  years.) 
Occasionally  we  give  weif^ts  of  cases  in  kilos.    (20  years.) 
In  a  very  few  instances.    (20  years.) 
We  occasionally  have  to  state  weights  in  kilos.     (30  years.) 
Weights  in  kilos,  sometimes.     (20  years.) 
Requests  come  very  infrequently.     (17  years.) 
Occasional  marking  in  kilograms.     (20  years.) 
Sometimes  have  to  do  this.     (15  years.) 
Only  in  rare  instances.     (15  years.) 

Metric  system  used  only  in  occasional  shipments.     (10  years.) 
Only  on  one  shipment  have  we  ever  been  asked  to  give  metric  measurements. 
(15  years.) 

Occasionally,  besides  the  English  net  and  gross  weights,  we  are  requested  to 
also  give  the  kilos.     (15  years.) 

We  sometimes  mark  the  cases  with  weights  and  measurements  in  the  metric 
system.     (10  years.) 

In  remote  instances  have  given  the  weight  in  kilograms,     (10  years.) 
In  a  few  instances,  we  have  had  to  state  weights  in  kilos.     (5  years.) 
We  are  occasionally  requested  to  mark  weights  in  kilos.     (6  years.) 
We  sometimes  give  weights  in  kilograms.     (Several  years.) 
A  few  weights  in  kilos  only. 

We  are  occasionally  called  on  to  convert  our  shipping  weights  to  kilos  on 
export  shipments.     (4  years.) 

In  some  cases  where  customers  request  it  we  stencil  on  outside  of  cases  metric 
measurements.     (25  years.) 

Ship  both  EInglish  and  metric  containers  to  the  same  countries.      (Almost 
a  century.) 
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Have  several  times  shown  metric  dimensions,  weights,  etc.,  on  invoices  and 
cases.    (20  years.) 

Occasionally  give  weights  of  shipments  in  kilograms.    (30  years.) 

Many  more  similar  quotations  could  be  given  but  the  above  are 
sufficient. 

THE  THIRD   QUESTION 

In  our  literature  for,  and  correspondence  with,  metric  countries,  we  have 
found  it  advisable  to  give  information  regarding  weights,  output,  capacities, 
overall  dimensions,  etc.,  in  metric  terms  as  follows: 

TABLE  8    SUlfMARY  OF  REPLIES  TO  THE  THIRD  QUESTION 


Not  at  all 

Slightly 

Considerably 

Extensively 

Exclusively 

No  answer  to  this  question 

Total 


Count  of  retuTDfl 

PlHrMiii 

835 
279 
114 
78 
38 
101 

1445 

57.8 

10.3 

7.9 

5.4 

2.6 

7.0 

100.00 

The  use  of  the  system  covered  by  the  third  question  involves,  in 
the  case  of  machinery,  no  more  than  the  giving  of  capacities,  weights 
and  overall  dimensions  in  metric  equivalents;  in  the  case  of  struc- 
tural materials,  the  giving  of  weights  in  kilograms  per  meter  instead 
of  pounds  per  yard,  with  leading  dimensions  of  sections  in  approxi- 
mate metric  equivalents;  and  in  other  cases  the  giving  of  prices  per 
kilogram  or  per  liter  instead  of  per  pound  or  per  gallon. 

Why  do  but  42  per  cent  of  our  exporting  manufacturers  find 
occasion  to  make  any  use  of  the  system  and  but  8  per  cent  of  them 
to  make  extensive  or  exclusive  use  of  it  in  this  simple  way?  Because 
buyers  in  other  countries  understand  our  units  precisely  as  we  under- 
stand theirs  —  but  better. 

CONCLUSION 

The  conclusion  is  that  the  export  trade  of  the  United  States  is 
conducted  by  the  English  system.  From  Table  1  (page  429),  we  learn 
that  82  per  cent  of  our  exporters  to  metric  countries  use  the  metric 
system  not  at  all  in  production,  while  14  per  cent  use  it  partiaUy  and 
in  ways  that,  when  explained,  are  inconsequential;  and  A  of  1  per 
cent  really  use  it  exclusively. 


No.  1652 

MEETINGS  SEPTEMBER-DECEMBER 

MEETINGS  OP  SECTIONS 

TOURING  the  last  six  months  of  1918,  forty  meetings  were  held  by 
^^  twenty-one  organized  Sections  of  the  Society  and  the  Provi- 
dence Engmeering  Society,  an  affiliated  body.  Six  of  these  meetings 
were  arnmged  jointly  with  one  or  more  local  technical  organisa- 
tions or  branches  of  other  national  engineering  societies  in  different 
centers.  A  number  of  the  papers  of  more  general  interest  which 
were  preseiited  at  these  meetings  were  published  in  Thb  Joiibnal 
during  1918  and  in  Mechanical  Enoinsbbino  during  the  early 
months  of  1919. 

ATLANTA 

October  17:  Paper  on  Uniform  Boiler  Code,  E.  A.  Brooks.  Ab- 
stract published  in  The  Journal,  December  1918. 

November  26:  Discussion  of  local  affairs. 

December  27:  Report  of  chairman  covering  his  recent  trip  to 
New  York  as  the  Section's  delegate  at  the  Annual  Meeting;  also 
report  of  Atlanta  delegate  to  Committee  on  Aims  and  Organiza- 
tion. 

BALTIMORE 

November  20:  The  Design  of  Hopper  Bottoms  for  Coal  Bins, 
A.  E.  Walden;  Marine  Practice  in  Valves  and  Piping,  A.  G.  Chris- 
tie, published  in  Mechanical  Engineering,  February  1919. 

December  18:  Electric  Furnaces  as  Applied  to  Steel  Making, 
Henry  Hess,  published  in  Mechanical  Engineering,  March  1919. 

BIRMINGHAM 

September  9:  Organization  and  business  meeting. 

October  24:  The  Manufacture  of  Raw  Sugar,  E.  H.  Rousseau, 
illustrated  with  balopticon  views. 

November  20:  Dinner,  followed  by  a  general,  informal  dis- 
cussion. 
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BOSTON 

^  October  29:  Papers  on  Elements  of  the  Labor  Problem,  F.  P. 
Fish;  and  on  Government  Activity  Toward  the  Solution  of  the 
Labor  Problem,  W.  E.  Freeland. 

November  9:  Lecture  by  A.  Douglas  Wardrop  on  his  trip  to 
France  and  experiences  on  the  fighting  line. 

December  19:  Subject:  Fuel,  with  address  by  David  Moffat 
Myers  on  Results  of  Fuel  Conservation.  Remarks  also  by  Perr>' 
Barker,  followed  by  a  motion  picture  entitled  Coal  is  King. 

BUFFALO 

November  27:  Address  on  Bearings,  C.  H.  Bierbaum. 

•  CHICAGO 

November  12:  Joint  meeting  with  Chicago  Section  of  A.I.E.E. 
and  the  Western  Society  of  Engineers.  Subject:  Industrial  Light- 
ing and  the  War,  illustrated  by  lantern  slides,  by  Prof.  C.  E.  Clewell. 

December  13:  Dinner  meeting.  Address  by  D.  L.  Derrom  on 
Shell  Manufacture. 

CINCINNATI 

November  12:  Joint  meeting  with  Engineers'  Club.  Subject: 
Readjustment  of  Industries  to  Peace  Conditions,  with  addresses  by 
A.  J.  Baker  and  Prof.  J.  D.  Magee.  Abstract  of  Professor  Magee's 
address  published  in  Mechanical  Engineering,  April  1919. 

CLEVELAND 

October  4:1  Newly  established  Section  organized  and  oflScers 
elected. 

November  29:  Special  meeting  to  discuss  and  recommend  a  plan 
whereby  the  various  branches  of  engineering  might  be  united  under 
one  head  both  nationally  and  locally. 

CONNECTICUT 
Bridgeport  Branch 

September  9:  Luncheon,  at  which  Charles  A.  Otis  delivered  an 
address  on  Industry  and  the  War. 

December  18:  Subject:  Industrial  Management,  with  addresses 
by  J.  C.  Spence  on  Vestibule  Schools;  Prof.  H.  B.  Bogell  on  The 
Education  of  the  Radio  Operators  in  Connection  with  Airplanes; 
and  A.  W:  Lebouef  on  Shop  I'Alucation. 
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New  Eaoen  Branch 

November  20:  Fall  meeting.  Inspection  trip  followed  by  dinner 
and  evening  session  at  which  W.  H.  Blood,  Jr.,  gave  an  illustrated 
address  on  the  Building  of  Hog  Island  Shipyard. 

Waierbury  Branch 

November  25:  Luncheon  meeting,  at  which  oflSoers  were  elected 
for  fiscal  year. 

DETBorr 

September  6:  Address  on  the  Hog  Island  Shipyard,  by  H.  H. 
Elsselstyn. 

September  20:  Paper  on  Recent  Progress  in  Bridge  Construc- 
tion, Prof.  Heniy  S.  Jacoby. 

iSBim 

November  25:  Address  on  the  Glacial  History  of  Lake  EIrie,  by 
E.  J.  Armstrong.  ^ 

MILWAXJKEE 

September  11:  Illustrated  address  on  The  Work  of  the  Bureau 
of  Standards,  with  Special  Reference  to  Local  Electrolysis  Surveys, 
E.  R.  Shepard. 

MINNESOTA 

September  3:  Organization  meeting. 

October!:  Paper  on  By-Product  Coking,  Particularly  in  Its 
Relation  to  the  Steel  and  Iron  Industry,  F.  W.  Sperr,  Jr. 

December  17:  Illustrated  lecture  on  Mining  Iron  Ore  in  Minne- 
sota, Prof.  E.  H.  Comstock. 

NEW  YORK 

September  17:  Marcel  Knecht,  member  of  the  French  High 
Commission  in  the  United  States,  addressed  the  meeting  on  The 
Supreme  Efifort  of  the  French  War  Industries  —  Franco-American 
Industrial  Cooperation  During  and  After  the  War. 

November  20:  Joint  meeting  with  other  technical  societies. 
Addresses  by  Albert  C.  Ritchie,  Captain  P.  E.  Dulieux  and  Julius 
Kahn. 

ONTARIO 

November  29:  Illustrated  address  on  the  Main  Pumping  Station 
of  the  Toronto  Water  Works,  John  Milne. 
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PHILADELPHIA 

September  24:  Illustrated  address  by  W.  H.  Blood,  Jr.,  on  The 
Making  of  Hog  Island,  The  Greatest  Shipyard  in  the  World. 

November  26:  J.  F.  Johnson  delivered  an  address  on  Large  Steam 
Turbine  Design.  Abstract  published  in  Mechanical  Engineering, 
April  1919. 

providence 

November  8:  Address  by  A.  Douglas  Wardrop  on  My  Flight 
Over  the  Hindenburg  Line,  and  Latest  Developments  in  Atrial 
Warfare. 

November  19:  Illustrated  lecture  by  Major  Frank  B.  Gilbieth  on 
the  mechanical  action  of  the  new  designs  of  Lewis  and  Browning 
machine  guns. 

December  17:  Address  by  W.  H.  MacKay  on  Marine  Engineering 
and  Up-to-Date  Methods  of  Repairing  Ships. 

% 

ST.    LOUIS 

September  27:  J.  A.  Whitlow  addressed  the  meeting  on  Fuel 
Conservation. 

SAN  FRANCISCO 

September  26:  Joint  meeting  with  the  Local  Sections  of  the 
A.S.C.E.,  A.I.M.E.,  A.I.E.E.  and  A.C.S.  under  auspices  of  A.S.M.E. 
Section.  Subject:  Fuel  Conservation,  with  addresses  by  Albert  E. 
Schwabacher,  A.  H.  Markwart,  D.  M.  Folsom,  John  A.  Britton, 
H.  G.  Butler,  P.  M.  Downing,  Harry  S.  Markey,  Major  George  F. 
Sever,  W.  J.  Davis  and  Prof.  Edmund  O'Neill.  Abstracts  published 
in  Mechanical  Engineering,  March  1919. 

December  16:  Luncheon  meeting.  Paper  on  the  Use  of  Pulver- 
ized Coal,  by  M.  C.  M.  Hatch. 

December  19:  Subject:  Why  is  the  Internal-Combustion  Engine 
Not  Used  More  Extensively  for  Marine  Propulsion?  Illustrated 
address  by  J.  H.  Hanson,  covering  history  and  development  of  the 
Diesel  engine;  papers  by  George  A.  Dow  on  the  Diesel  Oil  Elnginea 
on  Board  the  Motorship  Libby  Maine;  and  by  Bruce  Lloyd  cover- 
ing the  attitude  of  ship  owners  toward  the  use  of  the  intenud-com- 
bustion  engine  as  power  for  the  propulsion  of  ships.  Abstracts  pub- 
lished in  Mkchanical  Engineering,  April  1919. 
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THE  ANNUAL  .MEETING 

nPHE  thirty-ninth  Annual  Meeting  of  the  Society,  held  Deo^nb^ 
^  3  to  6,  was  a  meeting  simply  conducted  in  accord  with  the 
spirit  of  the  times,  yet  an  occasion  of  very  g^uine  pleasure  to  the 
large  number  in  attendance.  The  total  registration  was  1717,  of 
whom  1040  were  members. 

The  convention  opened  on  Tuesday  evening,  when  President 
Main  delivered  his  address  on  Broader  Opportunities  for  the  En- 
gineer, which  was  followed  by  the  conferring  of  Honorary  Member- 
ship upon  Charles  M.  Schwab  and  Orville  Wright.  Lectures  of 
wide  appeal,  covering  some  of  the  important  engineering  work  of 
the  Army  and  Navy,  were  given  on  Wednesday  and  Thursday 
evenings,  the  Thursday  evening  lecture  beiAg  followed  by  the  cus- 
tomary reunion  and  dance.  At  a  luncheon  held  on  Wednesday, 
Dr.  George  W.  Kirchwey,  formerly  Dean  of  the  Columbia  Law 
School,  gave  an  address  entitled  A  Message  from  the  Legal  Profession. 

On  Monday  and  Tuesday  of  the  convention,  the  Committee  on 
Aims  and  Organization  held  several  conferences,  the  conclusions  of 
which  were  summarized  in  a  progress  report  presented  at  the  Busi- 
ness Session  on  Wednesday  morning. 

Special  entertainment  provided  for  the  ladies  consisted  of  a 
reception  and  tea  on  Wednesday  afternoon.  The  Excursion  Com- 
mittee arranged  for  several  excursions,  among  them  being  an  in- 
spection of  the  concrete  steamship  Faith. 

The  Committee  on  Meetings  and  Program,  in  charge  of  the 
convention,  sensing  the  spirit  of  the  times  in  relation  to  labor  prob- 
lems, planned  an  all-day  session  on  the  human  elements  that  enter 
into  these  problems.  This  session  was  introduced  by  Dr.  L.  S. 
Rowe,  Assistant  Secretary  of  the  Treasury,  who  was  followed  by 
other  speakers  who  dealt  with  various  phases  of  the  employment 
question.  A  strong  session  was  arranged  by  the  Sub-Committee  on 
^lachine  Shop  Practice,  at  which  papers  were  presented  reviewing 
the  work  of  standardization  accomplished  by  the  British  Engineering 
Standards  Association  and  of  practice  in  this  country  in  thread- 
gage  making  and  testing. 

A  joint  session  was  also  held  with  the  American  Society  of  Re- 
frigerating Engineers,  to  which  both  societies  contributed  papers, 
and  an  interesting  session  in  charge  of  the  Sub-Committee  on  Tex- 
tiles dealt  with  problems  confronting  mill  engineers.    There  were 
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also  the  usual  general  sessions  at  which  papers  of  a  miscellaneous 
character  were  presented. 

The  meeting  concluded  on  Friday  morning  with  a  brief  service 
of  a  religious  character,  addressed  by  Rev.  Edmund  M.  Wylie,  of 
Montclair,  N.  J.,  who  had  been  in  charge  of  Y.  M.  C.  A.  work  in 
Great  Britain  and  who  had  visited  the  whole  of  the  Western  Front. 
The  concluding  session  of  the  previous  Annual  Meeting  had  ended 
in  silent  prayer  that  another  year  might  find  our  boys  on  the  way 
home  after  a  glorious  victory.  This  hope  had  been  realized  and  it 
was  deemed  fitting  that  the  1918  meeting  should  be  closed  by  a 
few  words  from  one  who  had  gone  to  St.  Mihiel  with  one  of  our 
divisions  and  had  been  present  at  that  great  victory. 

There  were  the  usual  alumni  reunions,  held  by  eight  colleges. 

The  Chairmen  of  the  various  committees  responsible  for  the 
success  of  the  meeting  were  as  follows:  L.  P.  Alford,  Committee  on 
Meetings  and  Program;  W.  W.  Macon,  Chairman  and  George  K. 
Parsons,  Acting  Chairman  of  New  York  Local  Committee,  in  charge 
of  entertainment  features;  James  W.  Nelson,  House  Conunittee, 
which  directed  the  President's  Reception;  L.  L.  Brinsmade,  Ac- 
quaintanceship and  Badge  Committees;  Edric  B.  Smith,  Caterer's 
Committee;  Maxwell  M.  Upson,  Dance  Committee;  H.  J.  Marks, 
Excursion  Committee;  Henry  A.  lArdner,  Invitations  for  Anny 
and  Navy  Night;  Mrs.  Jesse  M.  Smith,  Ladies'  Reception  oommittee. 

PROGRAM 

Tuesday  Morning^  December  3 
Ilegistraiion  of  members  and  guests. 

Tuesday  Evening 
PRESIDENTIAL  ADDRESS  AND   RECEPTION 
President's  address:   Broader  OppoRXUNmEs  for  the  Engineeb,  Charies 
T.  Main.    Conferring  of  Honorary  Membership  upon  Charles  M.  Schwab  and 
Orville  Wright. 

Reception  by  the  Society  to  the  President,  President-elect,  Uuties,  memben 

and  guests. 

Wednesday  Morning^  December  4 

BUSINESS  MEETING 
Discussion  on  Amendment  to  Constitution,  Reports  of  CommitteeB. 
Preliminary  Report  of  Committee  on  Aims  and  Organiiation. 

LUNCHEON 
Address:  A  Message  from  tiie  Legal  Profession,^  by  Dr.  George  W. 
Kirchwey. 

>  Abstract  puhlinhed  in  Me('Hani<;al  Knoineerinu.  January  1919. 
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Wednesday  Afternoon 

SIMULTANEOUS  PROFESSIONAL  SESSIONS 

MACHINE-SHOP  SESSION 

Thb  Bhitish  ENGiNBERiNa  Stanbabob'  Association,  C.  le  Maistfe. 
Work  of  the  Bbittsh  Enginebbing  Standabdb  Association  on  Scbew 
Threads  and  Lmrr  Gages,  Sir  Richard  Glaiebrook. 

Present  Practice  in  Thread-Gage  Making,  Frank  O.  Wdls. 

Measurement  of  Thread  Gages,  H.  L.  Van  £[eiiren. 

Standards  for  Large  Taper  Shaneb  and  Sockets,  Luther  D.  Buriingame. 

BEFRIGERATION  SESSION 

The  Deyelopment  of  a  Standard  Refrigerator  Car,  Mary  E.  Pen- 
nington. 

AddresB^  by  David  Moffat  Myers,  AdviscMry  Engineer,  U.  S.  Fuel  Adminis- 
tration. 

REFRiGERATiNor  Plant  Efficienct,  VictOT  J.  Asbe. 

BEGEPTION  AND  TEA 
Given  by  the  Ladies'  Committee  in  the  Ekigineering  Societies  Building. 

Wednesday  Evening 

Lecture  on  The  Achievementb  of  Nav^  Enginbbring  in  the  War,  with^ 
special  reference  to  the  Bureau  of  Steam  Engineering  of  the  Navy  D^Murtmrnit, 
Lieut.-Commander  William  L.  Cathcart,  U.S.N.R.F. 

The  50-Caliber  14-Inch  Navy  Guns  with  Railway  Mount,  lieut.-Com- 
mander  D.  C.  Buell,  U.S.N.R.F. 

Thursday  Morning,  December  5 
FIRST  SESSION   ON  ENGINEERING   OP  MAN   POWER 

The  Engineer  in  Foreign  Service,*  Dr.  L.  S.  Rowe,  Assistant  Secretary  of 
the  Treasury. 

Industrial  Organization  as  It  Affects  Executives  and  Workers,  C.  E. 
Knoeppel. 

Standardization  and  Administration  of  Wages,*  Henry  P.  Kendall  and 
£arl  Dean  Howard. 

Non-FinanciaL  Incentives,  R.  B.  Wolf. 

Thursday  Afternoon 

SIMULTANEOUS  PROFESSIONAL  SESSIONS 
SECOND   SESSION   ON   ENGINEERING   OF  BiAN   POWER 

The  EvoLrxioN  of  the  Organization  of  the  U.  S.  Shipping  Board, 
Emergency  Fleet  Corporation,*  Charles  Piez. 
Employment  of  Labor,*  Dudley  R.  Kennedy. 
Labor  Dilution  as  a  National  Necessity,  Frederick  A.  Waldron. 
Intensive  Training,*  C.  R.  Dooley. 

>  Published  in  Mechanical  Enoineerino,  March  1910. 
3  Published  in  Mechanical  Enoineerino,. January  1019. 
*  Published  in  The  Journal,  December  1018. 
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TEXTILE  SESSION 

Propertied  of  Airplane  Fabrics,  E.  D.  Walen. 

Industrial  Power  Problems,  W.  F.  Uhl. 

Dayught  vs.  Sunught  in  Sawtooth  Roof  Construction,  W.  S.  Brown. 

Factory  Stairs  and  Stairways,  G.  L.  H.  Arnold. 

GENERAL  SESSION 

The  Weights  and  Measures  of  Latin  America,  Frederick  A.  Halsey. 
Efficiency  and  Democracy,  H.  L.  Gantt. 

Thursday  Evening 
LECTURE  AND  ANNUAL  REUNION 

Lecture  on  Railway  Artillery,  with  slides  and  motion  pictureB,  by 
Colonel  James  B.  Dillard,  Engineering  Division,  Ordnance  Department,  U.  S.  A. 
Followed  by  the  annual  reimion  and  dance. 

Friday  Morning,  December  6 

SIMtlLTANEOUS  PROI^ESSIONAL  SESSIONS 
POWER-PLANT  SESSION 

The  Conservation  of  Heat  Losses  from  Pipes  and  Boilers,  Glen  D. 
Baglcy.  • 

Chemical  and  Physical  Control  of  Boiler  Operation,  E.  A.  Uehling. 

The  Cooung  Losses  in  InternaltCombustion  Engines  as  Affecting 
Design,  C.  A.  Norman. 

Discussion  of  Certain  Problems  in  Regard  to  Marine  Diesel  Oil 
Engines,  J.  W.  Anderson. 

GENERAL  SESSION 

Valves  and  Fittings  for  High  Hydraulic  Pressxtres,  W.  W.  Gaylord. 

The  Relative  Corrosion  of  Alloys,  R.  B.  Fehr. 

The  Relative  Corrosion  of  Cast-Iron,  Wrouoht-Iron  and  Steel 
Pipe  in  House-Drainage  Systems,  \V.  P.  Gerhard. 

Determination  of  Stresses  in  Wire  Rope  as  Appued  to  Modebn  En- 
gineering Problems,  J.  F.  Howe. 

Mechanical  Features  of  the  Vertical-Lift  Bridge,  H.  P.  Van  Cleve. 

Friday  Evening 
College  reimions. 


No.  ie53 

* 

BROADER  OPPORTUNITIES  FOR  THE 

ENGINEER » 

PRESIDENTIAL  ADDRESS,    1918 

Bt  Chablbs  T.  Main,  Bosioir,  Mass. 
Praddent  ci  the  Society" 

T^E  have  probably  witnessed  the  end  of  hostiEties  in  the  greatest 
conflict  that  the  world  has  ever  experienced.  The  people  of 
this  country,  after  some  hesitation,  undertook  to  assist  in  finishing 
the  task  which  the  Allies  had  b^un  at  whatever  cost  or  however 
long  it  might  take. 

It  is  now  a  time  for  great  rejoicing,  but  the  signing  of  the  armistice 
is  not  the  signing  of  the  peace  treaty.  What  kind  of  a  peace  we  are  to 
have  will  depend  upon  the  wisdom  with  which  the  multitude  of 
questions  connected  with  the  restoration  and  redistribution  of  terri- 
tory and  international  relations  are  settled.  The  war  will  not  be  won 
satisfactorily  unless  the  purposes  for  which  it  was  fought,  from  our 
^'iewpoint,  are  assured. 

At  this  time  it  may  be  well  to  recall  why  we  have  been  at  war. 

President  Wilson  said,  some  time  ago, "  To  make  the  world  safe  for 
democracy." 

Lloyd  George  said,  "We  are  fighting  for  a  just  and  lasting  peace." 

EiX-President  Taft  said..  ''It  is  the  struggle  that  is  essential  to 
liberty  and  Christian  civilization." 

Premier  Clemenceau  said,  "Our  victory  and  the  victory  of  our 
allies  means  the  liberation  of  civilization  and  liberty  of  hvunan  con- 
science." 

Many  other  reasons  have  been  and  may  be  given  why  we  were  at 
war,  but  brought  down  to  its  final  analysb,  it  is  that  this  nation  and 
other  nations  may  live  with  the  maximum  of  safety  and  with  the 
greatest  amount  of  liberty. 

*  Constituting  the  Report  of  the  Council  for  1918. 

Presented  at  the  Annual  Meeting,  December  1918,  of  Thb  American  8o- 
dETT  or  Mechanical  Enqineebs. 
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Probably  most  of  us  have  a  vague  knowledge  of  the  many  issues 
involved  and  an  indefinite  conception  as  to  the  effect  of  the  war  on 
the  political,  social  and  business  conditions  of  the  world,  but  we  can 
surely  predict  that  there  will  be  a  remolding  of  all  these  so  that  our 
country  will  be  one  of  greater  unity  of  purpose  and  desire  with  a  more 
spiritual  and  less  materialistic  view  of  life  and  greater  unselfishness 
in  the  service  of  our  country  and  mankind. 

WHAT  HAS   BEEN   AND   WHAT  SHOULD   BE   OUR  SHARE   IN  THIS 

GREAT  MOVEMENT? 

We,  as  engineers,  have  been  endeavoring  to  do  whatever  particu- 
lar work  we  are  specially  qualified  to  do  directly  for  the  military  needs, 
and  to  conduct  the  affairs  of  the  profession  along  lines  of  service  to  the 
nation  directly  or  indirectly. 

A  brief  survey  of  the  work  of  the  Society  and  its  members  during 
the  past  year  is  desirable  as  information  to  our  own  members  and  as  a 
record. 

It  is  impossible  to  separate  some  of  the  activities  of  the  Society 
between  purely  war  and  purely  technical  work. 

WAR  ACTIVITIES   OP  THE  SOCIETY 

Some  of  the  war  activities  of  the  Society  have  been  described  in  a 
pamphlet  which  has  been  sent  to  each  member,  entitled  "In  the 
Service."  In  order  to  have  this  record  complete  in  the  Transactions 
of  the  Society,  some  of  which  was  printed  therein  is  here  repeated. 

Early  in  the  war  The  American  Society  of  Mechanical  Engineers, 
in  common  with  other  engineering  societies,  tendered  its  services  to 
the  President  of  the  United  States.  This  offer  was  promptly  ac- 
cepted, and  as  the  war  has  developed  and  the  needs  for  service  have 
grown,  the  Society  has  patriotically  responded  to  the  many  calls 
wliich  have  come  to  it. 

One  of  its  earliest  contributions  was  through  representation  on 
the  Naval  Consulting  Board  and  its  former  Committee  on  Industrial 
Preparedness,  which  conducted  the  great  industrial  census  wherd>y 
data  were  secured  regarding  all  industrial  plants  in  the  United  States 
doing  an  annual  business  in  excess  of  $100,000.  The  Naval  Consult- 
ing Board  now  acts  as  a  board  of  inventions  which  passes  upon  the 
merits  of  new  devices  brought  to  the  attention  of  the  Government 
through  various  channels. 

Another  early  contribution  was  in  cooperation  with  the  Military 
Engineering  Committee,  organized  in  New  York  for  the  purpose  of 
arousing  engineers  to  the  necessity  for  preparedness  and  of  instruct- 
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ing  them  in  military  tactics.  Lectures  were  given  in  the  Engine^nng 
Societies'  building  to  over  3000  men  and  in  the  pr^Mredness  parade 
10,000  engineers  participated,  and  these  successes  were  duplicated  in 
ether  centers.  Recruiting  was  actively  taken  up,  for  which  purpose 
the  Society's  rooms  were  freely  used,  and  the  famous  regiment,  the 
Eleventh  Railway  Engineers,  was  organised. 

The  work  of  the  National  Research  Coundl,  orgimixed  at  the 
request  of  President  \(51son  by  the  presidoit  of  the  National  Acadany 
of  Sciences,  is  ecMremely  important,  dealing  with  problems  such  as 
submarine  detection,  nitrate  production,  gas  ¥rarfare,  etc.  One  oi 
its  committees  is  the  Ck>mmittee  on  Engineering,  on  which  the 
Society  is  officially  represented.  Thb  Jotthnal  of  The  American 
Society  of  Mechanical  Engineers  is  also  supplying  to  the  Technical 
Information  Bureau  of  the  Research  Council  a  regular  service  of 
engineering  data  from  the  engineering  periodicals  of  the  world. 

During  its  first  year  the  National  Research  Ck>uncQ  was  supported 
by  the  Engineering  Foundation,  the  initial  gift  for  which  was  made  by 
a  past-president  and  honorary  member  of  this  Society,  who  has  re- 
cently made  another  gwerous  donation  to  this  fund. 

As  an  active  member  of  the  Engineering  Section  of  the  Advisory 
Commission  of  the  Council  of  National  Defense,  the  Society  has  par- 
ticipated in  seveml  meetings  which  have  led  to  definite  and  con- 
structive assistance  in  the  manufacture  of  munitions  and  in  foreseeing 
the  needs  of  the  Government. 

One  of  the  most  successful  undertakings  of  the  Society  has  been 
that  of  its  Engineering  Service  Committee  in  classifying  the  member- 
ship and  furnishing  specialists  for  the  numerous  demands  of  the 
Government  and  the  industries  generally.  A  questionnaire  to  the 
membership  brought  in  over  6000  replies,  all  of  which  have  been 
collated  and  indexed  in  the  most  thorough  manner. 

It  has  supplied  the  names  of  Jmore  than  6000  engineers  and  engi- 
neering assistants  for  a  wide  variety  of  positions  to  the  many  depart- 
ments and  divisions  of  the  United  States  Government  in  connection 
with  the  war. 

This  is  the  most  important  single  bureau  in  the  United  States  for 
the  furnishing  of  technical  men. 

The  last  three  conventions  of  the  Society,  held  at  Cincinnati,  New 
York  and  Worcester,  have  been  war  conventions  at  which  there  were 
constructive  programs  devoted  to  great  problems  of  the  war. 

In  the  matter  of  fuel  conservation  the  Society  has  been  very 
active  through  its  membership  on  the  Fuel  Conservation  Committee 
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of  the  Engineering  Council,  in  cooperating  with  the  Fuel  Administra- 
tion at  Washington,  and  by  service  of  its  members  on  Ck)mmi8sioii8 
in  different  states.  Lists  of  its  members  who  are  fuel  experts  have 
been  supplied  to  the  Government  and  at  the  Worcester  Meeting  a 
Symposium  on  Fuel  Economy  was  held,  to  which  contributions  were 
made  by  over  sixty  experts  from  all  sections  of  the  country,  and  this 
matter  has  since  been  published  in  pamphlet  form. 

Action  with  respect  to  munitions  and  gages  passed  at  the  Society's 
meeting  in  Cincinnati  resulted  in  a  conference  at'  Washington  at 
which  the  heads  of  the  Army,  Navy  and  other  Departments  were 
present  and  further  action  was  taken  which  resulted  in  having  certi- 
fication of  all  gages  at  one  place,  thus  tending  to  insure  uniformity  of 
product.  Later  it  was  decided  this  would  be  undertaken  by  the 
Bureau  of  Standards  in  Washington  with  branches  at  various  in- 
dustrial centers.  These  have  been  established  at  the  Engineering 
Societies  Building  in  New  York,  at  Cleveland,  and  at  other  centers 
throughout  the  Union. 

An  important  development  was  the  organization  of  the  Ekigineer- 
ing  Council  to  provide  cooperation  between  engineering  societies  in 
matters  of  common  interest,  particularly  in  relation  to  the  public. 
The  organization  meeting  was  held  in  the  rooms  of  The  American 
Society  of  Mechanical  Engineers  and  the  then  President  of  the  So- 
ciety was  the  first  President  of  the  Council.  War  activities  are  being 
conducted  by  several  committees,  including  the  American  Engineer- 
ing Service  Committee,  the  Fuel  Conservation  Committee,  and  the 
War  Committee  of  Technical  Societies,  the  latter  for  stimulating  in- 
ventions among  engineers  in  weapons  and  apparatus  for  war. 

One  of  the  most  recent  activities  of  the  Society  b  in  connection 
with  the  readjustment  of  industries  for  war  work,  for  which  purpose 
a  committee  has  been  appointed,  with  representatives  in  different 
parts  of  the  country,  selected  through  the  Local  Sections  of  the 
Society. 

The  subject  was  first  proposed  at  a  meeting  of  the  New  York  Local 
Section  on  Non-Essential  Industries  held  last  February.  As  a  result 
a  committee  was  appointed  by  the  Council  to  investigate  the  matter, 
which  reconunended  the  creation  by  the  Society  of  a  bureau  or  clear- 
ing house  to  act  between  the  Government  and  the  manufacturers. 
This  involved  the  establishment  of  a  regional  system  for  surveying 
the  industries  of  the  country  in  coordination  with  the  Resources  and 
Conversion  Section  of  the  War  Industries  Board,  and  a  Central  Com- 
mittee of  three,  who  will  act  in  conjunction  with  the  r^^ional  oom- 
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mittees  as  a  dearing  house  for  proUems,  and  members  who  have  such 
problems  will  receive  assistance,  if  they  so  desire. 

Utiliiing  our  Local  Sections  organisation,  your  President  has 
appointed  20  members  of  the  Society  to  act  as  its  representative  on 
each  of  the  R^onal  Committees  of  the  Resources  and  Ck>nver8ion 
Section  of  the  War  Industries  Board,  and  a  central  committee  of  three 
in  New  York. 

As  much  work  has  not  been  accomplished  as  was  expected,  but  it 
has  not  been  through  lack  of  effort  of  your  representatives. 

The  Society  was  invited  to  send  delegates  to  the  Joint  Conference 
in  London  on  Air  Craft  Standardisation  in  London.  We  sent  as  our 
del^ates  Mr.  James  Ebrtness,  Past-President  of  the  Society,  with 
Prof.  W.  F.  Durand  as  an  associate  representative. 

These  delates  were  also  empowered  to  take  up  with  the  British 
Engineering  Standards  Committee  the  standardisation  of  screw 
threads. 

Information  was  received  that  a  Bel^^an  Mission  was  to  be  sent 
to  the  United  States  lo  study  methods  of  scientific  management  in 
this  country. 

A  committee  of  the  Society  met  the  mianon  on  its  arrival,  placed 
the  resources  of  the  Society  at  its  disposal,  arranged  the  itinerary  of 
the  mission,  and  a  bibliography  on  industrial  management  was  pre- 
pared  in  our  Ubrary. 

The  courage  and  vision  of  these  men  in  looking  forward  to  a  re- 
constructed Belgium  is'  inspiring.  We  should  individually  and  as  a 
Society  render  them  all  the  assistance  possible.  It  may  be  that  there 
and  in  other  countries  we  may  be  able  to  render  great  assistance  in 
problems  of  reconstruction. 

Letters  were  received  from  Henry  R.  Towne,  Past-President  of 
the  Society,  and  from  the  National  Council  of  Industrial  Defense, 
covering  proposed  legislation  whereby  "anti-efficiency"  riders  were 
attached  to  appropriation  bills  for  the  support  of  the  military  estab- 
lishment, which  legislation  would  exclude  from  all  Government  work 
the  methods  of  study,  planning  and  compensation  for  increased 
efficiency. 

Engineering  Council,  to  which  this  Society  referred  the  matter, 
sent  resolutions  to  Congress,  protesting  against  such  l^islation. 

The  A.S.M.E.  Council  voted  that  the  Council  records  its  hearty 
approval  of  any  action  taken  by  the  Engineering  Council  in  this 
matter,  tending  to  prevent  such  legislation. 
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COLLECTIVE  AND  INDIVIDUAI?  SERVICE  OF  THE  MEMBERSHIP 

While  the  Society  as  an  organization  has  made  important  con- 
tributions to  the  prosecution  of  the  war,  this  work  is  only  a  token  of 
what  its  members  individually  have  contributed,  in  common  with 
other  engineers  throughout  the  country.  Its  membership  is  repre- 
sented in  France  on  the  Western  Front,  in  the  construction  of  water 
and  sewage  works,  and  in  the  great  French  arsenal  for  the  repair  of 
our  equipment  abroad.  It  has  rendered  effective  aid  in  the  organ- 
ization of  the  construction  division  of  the  army  and  of  the  Ordnance 
Department  and  Shipping  Board;  in  routing  merchant  ships;  in 
promoting  motor  transportation;  in  the  classification  of  personnel  for 
the  army;  in  emergency  technical  war  training,  and  in  the  instruction 
of  soldiers  in  handling  guns  and  ammunition.  Its  members  are  to  be 
found  in  every  department  of  the  Government  where  «q)ert  engi- 
neering knowledge  is  required. 

Two  members  of  the  Council  of  the  Society  are  in  uniform  in 
France  and  a  third,  as  a  distinct  war  service,  is  in  charge  of  one  of  the 
largest  shipbuilding  yards. 

The  Society's  service  flag  bears  over  1400  stars  and  noteworthy 
also  is  the  scroll  of  honor  of  the  civilian  members  engaged  in  producing 
the  supplies  that  the  blows  struck  by  those  at  the  front  may  be  tdling 
and  effective.  These  members  have  helped  to  bring  about  quantity 
production  of  rifles  and  machine  guns,  have  engaged  in  the  design  and 
construction  of  aircraft  and  the  motors  and  instruments  required  for 
their  equipment,  have  engaged  in  the  construction  of  artillery,  gun 
carriages,  tractors,  army  trucks,  tanks,  torpedo-boat  chasers;  and  in 
the  great  shipbuilding  plants,  in  both  Government  and  private  yards, 
members  of  the  Society  hold  some  of  the  most  important  positions. 

SOCIETY  AND  TECHNICAL  WORK 

In  addition  to  and  in  parallel  with  the  war  work,  marked  progress 
has  been  made  in  the  internal  affairs  and  in  the  technical  work  of  the 
Society,  always  with  the  intent  to  render  definite  service  and  at  the 
same  time  perfecting  and  coordinating  work  already  undertaken. 

At  the  time  the  Society  became  a  joint  owner  and  occupant  of  the 
Engineering  Societies  Building,  the  Society,  in  order  to  accept  this 
gift,  obligated  itself  to  the  extent  of  some  $80,000. 

During  those  early  days,  it  seemed  that  it  required  about  all  the 
income  that  tlie  Society  received  to  pay  what  was  deemed  to  be  the 
necessary  expenses  of  the  work  of  its  various  committeeSy  and  until  a 
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proposition  was  made  for  issuing  certificates  of  indebtedness  to  the 
amount  of  $80,000,  no  definite  plan  for  piEtyment  of  the  ddi>t  had  been 
formulated.  A  happy  provision  in  the  issuance  of  these  certificates 
^as  that  they  should  be  paid  out  of  initiation  fee  of  new  members 
joining  the  Society.  The  healthy  growth  of  the  Society  during  the 
last  ten  years  has  been  such  that  not  only  have  these  certificates  been 
retired,  but  a  substantial  surplus  has  been  crAted« 

As  soon  as  our  country  was  brought  into  the  war,  and  the  members 
of  this  Society  took  their  places  in  the  ranks,  it  was  at  once  apparent 
that  the  least  the  Society  could  do  in  showing  its  appreciation  of  the 
loyal  sacrifice  made  by  these  m^nbers  was  to  offer  that  the  dues  of 
such  members  who  have  Altered  the  military  service  of  the  Govern- 
ment and  upon  request  of  the  member,  be  remitted  for  the  period  of 
the  war.  It  is  possible  that  the  Society  may  be  asked  to  remit  during 
the  coming  year  about  $10,000  on  this  ground;  and  although  the 
Society  is  glad  to  do  this,  it  means  that  some  sacrifice  must  be  made 
by  the  committees  by  the  reduction  of  the  amount  which  they  bad 
hoped  would  be  available  for  their  work  during  the  coming  year. 

Under  the  wise  administration  of  the  finance  Committee,  the 
Society  for  some  years  past  has  prepared  a  budget  which  provided 
for  an  expenditure  of  not  more  than  90  per  cent  of  the  expected  in- 
come. Under  the  operation  of  this  provision/the  Society's  net  re- 
serve has  been  built  so  that  we  have  at  present  a  cash  reserve  of  about 
one  hundred  thousand  dollars.  The  Society  in  harmony  with  its 
stated  purpose  to  be  of  as  great  use  to  the  country  in  this  emergency 
as  possible,  has  subscribed  to  each  of  the  three  previous  loans  $10,000, 
and  $15,000  to  the  fourth  loan,  thus  making  $45,000  of  Government 
bonds  which  the  Society  has  taken. 

These  investments  are  in  addition  to  the  $56,000  invested  in  bonds 
in  trust  funds. 

In  this  connection  it  is  proper  to  state  that  the  Society's  real  estate 
holdings  represent  an  equity  of  one-fourth  of  $2,500,000  in  the 
structural  value  of  the  Engineering  Societies  Building  and  land,  all  of 
which  is  free  and  clear. 

The  estimated  income  for  the  current  year  from  all  sources  is 
1270,000.  It  is  proposed  that  the  total  expenditure  for  the  year  will 
be  $245,000.  Of  this,  $235,000,  or  about  87  per  cent  will  be  taken 
from  income,  and  $10,000  will  be  taken  from  the  surplus. 

On  account  of  the  unsettled  financial  conditions  of  the  world,  the 
conservative  appropriation  this  year  b  made  of  only  87  per  cent  of 
the  Society's  prospective  income.    If,  later  in  the  next  year,  drcum- 
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stances  warrant  increased  appropriations  to  the  Committees,  the 
Council  will  probably  deem  it  wise  to  see  that  a  greater  percentage  of 
the  Society's  income  is  expended  for  the  benefit  of  the  membership. 

With,  however,  the  increasing  scope  of  the  Society's  imdertakings, 
there  must  be  the  greater  provision  for  certainty  of  performance  under 
any  and  all  circumstances,  even  including  war.  Consequently,  the 
accumulation  of  a  surplus,  and  its  continuation,  is  an  obligation  on 
the  part  of  the  Council. 

The  headquarters  on  the  eleventh  floor  of  the  Engineering  So- 
cieties Building  have  been  the  home  of  the  Society,  and  have  been 
under  the  watchful  care  of  an  efficient  house  committee.  Not  only 
has  it  been  the  desire  of  this  committee  to  make  the  rooms  attractive 
to  the  casual  observer,  but  an  endeavor  has  been  made  to  give  the 
rooms  a  homelike  atmosphere  so  that  the  member  would  feel  free  to 
make  the  rooms  his  headquarters  any  time  he  should  be  in  the  city 
and  should  have  opportunity  for  writing,  reading,  social  appoint- 
ments, the  receipt  of  mail,  and  any  other  facility  that  the  Society 
should  so  be  able  to  furnish.  • 

Under  the  conditions  occasioned  by  the  rapid  increase  of  the 
activities  of  the  Society  and  the  necessary  larger  executive  staff,  it 
became  necessary  to  remove  some  of  the  partitions  in  that  portion 
used  for  the  business  of  the  Society,  thus  making  a  more  up-to-date 
office  for  handling  the  Society's  business. 

The  Society  has  extended  a  welcome  uniformly  to  a  large  number 
of  committees  and  organizations  and  the  invitations  have  been  fre- 
quently accepted.  Carrying  out  this  policy,  the  Council  has  donated 
for  continuous  use,  for  the  period  of  the  war,  the  Council  and  Recep- 
tion Rooms  to  the  War  Department  for  its  Committee  on  Education 
and  Special  Training. 

The  sections  committee  was  authorized  as  a  special  committee 
of  the  Council  to  report  to  the  Council  a  procedure  whereby,  by  re- 
quirement, the  Nominating  Committee  be  regularly  chosen  through 
the  medium  of  sectional  groups  of  the  Society,  instead  of  being 
appointed  as  at  present  by  the  President. 

A  report  was  submitted  by  the  special  committee,  the  principle 
of  which  was  accepted  with  some  modifications  by  the  Council,  and 
the  Committee  on  Constitution  and  By-Laws  was  requested  to  pre- 
pare the  necessary  changes  in  the  constitution  and  by-laws  to  cany 
out  the  plan.  Tliis  conmiittee  was  later  requested  to  report  the 
following  amendment  to  the  June  meeting,  viz.,  to  change  ''A 
Nominating  Committee  appointed  by  the  President"  to  read  "A 


CHABLBB  T.  MAIN  479 

Nominating  Committee  to  be  elected  by  the  voting  membership 
as  the  By-laws  shall  provide/' 

This  is  one  of  the  moves  toward  a  wider  control  of  the  Sociely's 
affairs  by  the  membership. 

A  Committee  on  Administration,  of  which  the  late  Chairman  of 
the  Finance  Committee,  Mr.  R.  M.  Dixon,  was  chairman,  was  ap- 
pointed principally  to  investigate  the  internal  affairs  and  the  conduct 
of  the  ofKce  of  the  Society,  and  to  give  to  the  office  the  benefit  of  their 
wide  business  experience.  In  order  that  the  larger  financial  under- 
takings of  the  Society  might  be  conducted  in  the  best  manner,  Mr. 
George  M.  Forrest  of  the  Finance  Committee  was  designated  as  the 
representative  of  the  Committee,  and  he  has  been  most  faithful  and 
many  hdipf ul  su^estions  were  made  and  put  into  effect. 

In  accordance  with  the  amendment  to  the  Constitution  now  in 
force,  the  Finance,  Meetings,  Publication,  Local  Sections,  Constitu- 
tion and  By-Laws  Committees  are  now  constituted,  the  Standing 
Committee  of  Administration  having  a  seat  in  the  Council  of  the 
Society  without  vote.  ^» 

In  addition  the  Council  regularly  invites  the  chairman  of  the 
Conunittee  on  Standardization  to  sit  with  the  CoundL 

The  Employment  Bulletin  is  one  of  the  most  important  personal 
activities  of  the  Secretary.  It  seems  to  meet  one  of  the  phases  of  life 
that  is  of  great  value  to  the  membership.  Consequently,  the  atten- 
tion to  this  particular  activity  should  be  proportionately  increased. 

Plans  are  being  developed  whereby  the  facilities  of  all  the  Founder 
Societies  will  be  coordinated. 

The  Publication  Committee  has  for  years  been  awieu'e  of  the  de- 
ficiency in  all  existing  indexes  of  current  literature  and  has  been 
awaiting  the  time  when  the  finances  of  the  Society  would  permit,  for 
the  further  benefit  of  our  membership,  the  inclusion  in  our  publica- 
tions of  an  adequate  r^sum6  of  the  vast  and  most  complete  file  of 
technical  papers,  which  we  regularly  take  in  the  combined  libraries 
of  the  Societies. 

An  additional  appropriation  has  been  approved  for  enlarging  the 
Society's  Journal  by  adding  an  Index  of  Current  Engineering  litera- 
ture. 

Other  progressive  plans  are  under  way  for  improving  The 
Journal.  It  has  been  suggested  that  it  might  be  published  weekly 
instead  of  monthly. 

The  Boiler  Code  Committee  has  done  a  vast  amount  of  work  on 
the  revision  of  the  code  to  cover  all  questions  of  doubt  as  to  the  inter- 
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pretation  of  the  code  and  the  proposed  final  revisions  have  been 
printed  in  The  Journal.  The  code  is  now  ready  for  printing  in  the 
new  edition. 

Possibly  no  committee  has  brought  more  prestige  to  the  Society 
than  the  Boiler  Code  Committee.  The  members  have  been  most 
unselfish  in  their  efforts  and  have  devoted  days  and  weeks  of  intense 
labor  and  much  of  their  own  money  to  this  work. 

The  President  desires  to  acknowledge  the  indebtedness  and  grati- 
tude of  the  Society  to  this  Committee. 

As  a  reward  to  the  Committee,  it  has  the  satisfaction  of  seeing  the 
code  adopted  by  five  states  and  seven  municipalities. 

The  National  Research  Council  made  a  request  for  the  appoint- 
ment of  a  representative  of  the  Society  to  sit  with  the  Executive 
Committee  of  the  Engineering  Division.  Mr.  John  R.  Freeman, 
Past-President,  has  been  appointed  as  our  representative. 

Research  Committees  engaged  on  purely  technical  work  not  con- 
nected with  the  war  have  made  progress  and  several  have  reported 
and  their  reports  been  received.  • 

Other  committees  have  done  excellent  work  and  made  exhaustive 
reports,  the  report  of  the  Committee  on  Tolerances  in  Screw-Thread 
Fits  being  a  remarkable  piece  of  work. 

Reports  have  been  made  of  tentative  drafts  of  safety  codes  by 
the  Sub-Committee  on  Protection  of  Industrial  Workers. 

With  respect  to  the  Research  Committee,  the  Council  has  oithusi- 
astically  placed  in  the  budget  $2000  for  the  Committee.  In  previous 
years  this  has  been  only  $500.  With  the  financial  growth  of  the 
Society,  and  its  ability,  on  the  one  hand,  and  responsibility!  on  the 
other,  to  furnish  greater  service  to  the  profession  and  to  the  public, 
increasing  attention  should  be  given  to  research.  There  is  an  unusual 
opportunity  for  the  cooperation  of  the  Research  Committee  with  the 
Publication,  Meetings  and  Sections  Committees.  Research  can  be 
inspired  in  the  sections,  results  read  at  local  and  general  meetings, 
and  published  in  The  Journal,  investigations  of  the  progress  of  cer- 
tain arts  made  and  reported  for  the  benefit  of  the  whole  people. 

In  addition  to  the  co5peration  through  the  Society's  representa- 
tion on  the  Executive  Committee  of  the  Engineering  Division  of  the 
National  Research  Council,  the  Research  Committee  of  the  Society 
has  placed  at  the  disposal  of  the  Engineering  Foundation  its  data  on 
the  research  laboratories  in  the  industries,  colleges  and  commercial 
laboratories  in  the  United  States. 

A  commission  has  been  created  by  the  United  States  Government 
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for  the  Standardization  of  Scr^w  Threads,  H.  R.  Bill  10,852.  It  is 
mentioned  in  the  bill  that  two  of  the  members  of  the  conmiission 
shall  be  members  of  The  American  Society  of  Mechanical  En^eers. 
Mr.  James  Hartness,  Past-President,  and  Mr.  F.  O.  Wells,  member- 
elect  of  the  Ck)uncil,  have  been  appointed  as  our  representatives. 

A  oonmdttee  has  been  appointed  to  codperate  with  the  British 
En^eering  Standards  Committee  on  the  Standardization  of  Milling 
Cutters  and  Other  Small  Tools. 

An  informal  corresponding  committee  has  been  authorized  to 
correspond'with  the  British  committee,  the  object  of  which  is  to  hdp 
standardization  worb  in  an  informal  manner,  especially  from  an 
educational  point  of  view. 

The  Power  Test  Code  Committee  has  been  reorganized  with  sub- 
committees for  each  particular  code  which  is  to  be  prepared. 

Some  progress  has  been  made,  the  code  for  water-wheel  tests  has 
been  rewritten  and  is  now  ready  for  resubmission  to  the  committees. 

A  BBOADEB  VISION 

With  this  review  of  what  the  men  in  our  profession  are  doing  in 
connection  with  the  war  and  the  collateral  problems,  also  having 
in  view  the  quick  expansion  and  development  of  the  work  along  com- 
paratively narrow  and  restricted  lines  into  circles  of  almost  uolimited 
possibilities,  we  have  seen  how  we  can  and  must  free  ourselves  from 
our  former  provincial  attitude  into  one  of  imiversal  outlook. 

If  this  can  be  accomplished  at  this  particular  time  and  for  this 
particular  occasion,  why  should  we  not  now  and  in  the  future  exert 
our  influence  and  direct  our  energies  toward  matters  of  broader 
interest? 

As  a  class  engineers  have  been  extremely  modest  in  their  relations 
with  business  and  public  affairs.  This  has  been  a  natural  condition 
largely  due  to  the  education  and  training  which  they  have  received. 
The  education  has  been  along  rather  narrow  and  restricted  lines  of 
scientific  work,  leaving  out  almost  entirely  the  broader  studies  of 
literature,  conunon  law,  economics,  business  methods  and  the 
humanities.  After  graduation  there  is  usually  not  much  opportunity 
for  broadening  out,  for  it  is  necessary  for  a  man,  if  he  expects  to  keep 
abreast  with  the  development  of  his  profession,  to  spend  nearly  all  of 
his  surplus  energy  in  reading  and  studying  along  the  very  lines  which 
he  followed  in  school. 

Notwithstanding  this,  it  is  wise  to  carry  along  a  course  of  read- 
ing on  broadening  subjects  and  to  have  an  interest  in  affairs  which 
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are  wholly  outside  the  scientific  line  of  study,  and  to  be  identified 
with  engineering  and  scientific  societies  in  order  to  get  the  broadest 
outlook  of  life  possible.  It  is  for  this  reason,  in  order  to  get  a  broader 
aspect  of  life  and  acquire  a  taste  for  wider  reading  and  study,  that  it 
is  of  advantage  for  a  young  man  who  is  to  follow  some  scientific 
pursuit  to  take  an  academic  course  before  he  takes  his  scientific 
course. 

I  realize  the  impracticability  for  many  men  to  spend  so  much 
time  at  considerable  expense  in  preparation  for  their  life  work,  but 
it  is  almost  essential  that  a  man  should  very  early  in  his  career  acquire 
some  knowledge  of  business  principles  and -should  endeavor  to 
broaden  himself  so  as  to  be  able  to  fill  with  fair  satisfaction  the 
position  that  properly  belongs  to  him  in  his  profesfflon  and  in  the 
world. 

It  should  be  the  aim  of  the  engineer  to  render  the  best  possible 
service  considered  in  a  broad  sense.  It  should  be  based  on  facts 
and  not  theories  or  suppositions,  and  upon  scientific  laws,  which  if 
properly  applied  will  give  satisfactory  results.  Nothing  should  be 
taken  for  granted,  and  the  work  or  statements  of  others  should  be 
carefully  checked  before  being  adopted. 

The  success  of  a  man  will  depend  upon  his  ability  to  produce 
results  in  an  expeditious  manner,  which  shall  be  accurate,  and  in 
which  good  judgment  has  been  used,  so  that  the  finished  product,  if 
it  be  a  physical  structure,  will  be  adapted  to  the  use  to  which  it  is  to 
be  put  and  shall  have  been  accomplished  at  a  reasonable  expenditure. 
If  it  be  a  plan  for  action  it  shall  be  clear  and  concise  and  adaptable 
to  the  purpose  for  which  it  is  intended. 

He  should  be  able  to  understand  men  and  to  know  them.  He 
should  be  willing  to  share  his  knowledge  with  his  f  ellow-engineerSy  and 
inasmuch  as  he  will  do  this  through  the  Society,  or  other  similar 
means,  his  interests  and  outlook  will  broaden  and  the  return  to  him 
will  be  multiplied.  Integrity  and  perseverance  in  work  and  business 
and  fairness  and  justice  to  all  will  in  the  long  run  count  for  more  than 
brilliancy  in  attainments.  Withal  he  must  have  a  good  stoc^  of 
imagination  and  judgment,  which  is  sometimes  called  ''horse  sense" 
in  the  application  of  fundamental  principles  to  every  day 
problems. 

The  true  success  of  a  man  is  not  measured  by  the  accumulation 
of  money,  but  by  the  success  of  accomplishment  of  work  which  adds 
something  to  the  general  good  for  mankind  and  for  the  advancement 
of  the  profession. 
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In  his  annual  address  President  HolUs  said: 

• 

In  the  changes  that,  are  coming,  the  engineer  can  no  longer  dwdl  within  hia 
technical  shell,  and  he  must  prepare  himsdf  to  become  a  dtiien  of  the  worid,  upon 
whose  shoulders  great  economic  and  social  burdens  are  placed. 

And  Professor  Kimball  has  said: 

If  we  have  not  at  this  mom«it  a  dear  vision  of  whither  we  are  tending,  now 
is  the  time  of  all  times  to  take  stock  of  ourselyes  and  to  redirect  our  course,  whether 
this  course  is  in  conformity  with  time-honored  definitions  or  not.  Qiange  is  not 
necessarily  synonynous  with  progress,  but  there  \b  no  progress  without  ehangpe. 
No  one  can  doubt  that  the  sdentist  and  the  engineer  are  to  be  the  most  impcfftant 
industrial  figures  of  the  near  future.  If  we  are  faithful  to  our  duties  we  shall  be 
of  greater  importance  politically  and  socially,  but  to  accomplish  this  we  must 
broaden  our  vision  and  get  about  our  business,  which  is  the  industrial  organisation 
of  our  country. 

Let  us  then  bestir  ourselves  and  show  a  greater  interest  and  a 
broader  vision  of  the  opportunities  which  now  lie  before  us  and 
which  will  increase  in  number  and  importance  in  the  near  future. 

wrrmN  oub  own  society 

There  has  been  a  feeling  among  many  of  our  m^nbers  that  the 
affairs  of  the  Society  are  run  by  a  selected  few  with  headquarters 
in  New  York.  During  my  service  of  three  years  on  the  Council,  it 
has  been  the  desire  of  every  member  to  administer  the  affairs  of 
the  Society  for  the  benefit  of  all  the  members  in  every  locality  and 
this  spirit  has  been  dominant  above  all  others,  and  the  desire  to  in- 
crease the  local  sections  and  to  have  them  assume  greater  responsi- 
bilities has  always  been  evident.  It  is  only  in  appearance  that  the 
faithful  members,  assigned  to  the  important  and  necessary  duties  of 
the  executive  head  in  every  organization,  if  it  is  to  be  effective,  are 
ninning  the  business.  The  organization  must  be  so  constituted  and 
located  as  to  take  quick  action  and  it  is  far  from  the  desire  of  the 
governing  board  to  conduct  the  affairs  of  the  Society  for  one  partic- 
ular locality  or  interest. 

In  order  to  meet  all  criticisms  and  to  develop  plans  for  future 
procedure,  the  Council  has  authorized  the  appointment  of  a  Com- 
mittee on  Aims  and  Organization,  which  is  made  up  of  one  member 
from  each  Local  Section  and  seven  members  at  large,  whose  duties 
it  shall  be  to  consider  the  whole  structure  of  the  Society  and  its 
activities  with  great  care  and  report  a  line  of  action  based  on  broader 
conceptions  of  our  duties  and  aims  and  how  best  to  accomplish  them. 

In  anticipation  of  the  work  of  the  committee^  there  may  be 
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mentioned  some  details  of  operation  in  the  minor  workings  of  the 
Society  which  might  be  broadened  to  advantage. 

A  plan  might  be  developed  for  increasing  the  financial  resources 
of  the  Society  by  contributions  or  legacies  to  a  fund,  the  income  of 
which  could  be  devoted  to  research  work  and  for  prizes  and  premiums 
to  the  younger  members  for  good  work  and  for  any  other  meritorious 
object  which  might  present  itself. 

A  plan  should  be  developed  which  will  make  a  working  connec- 
tion between  the  general  meetings  and  the  local  meetings. 

The  co5peration  between  the  PubUcation  and  the  Local  Sections 
Committees  can  be  greatly  developed  if  the  individual  members  will 
see  the  great  opportunity  which  these  conunittees  have  already  pro- 
vided in  the  equal  status  of  papers  read  before  local  and  general  meet- 
ings of  the  Society.  The  members  can  further  help  the  Publication 
Committee  in  conjunction  with  the  Meetings  Conmiittee  by  an  eariier 
announcement  of  prospective  papers,  so  that  a  general  program  for 
the  ensuing  year  can  be  prepared  during  the  summer  and  be  sub- 
mitted to  all  of  the  local  sections  and  cooperation  solicited  in  carrying 
such  a  program  to  completion. 

During  recent  years  the  increased  responsibility  placed  upon 
young  men  has  increased  the  difficulties  of  the  Membership  Com- 
mittee in  the  proper  grading  of  applicants  for  membership.  It  may 
be  that  the  Committee  on  Aims  and  Organization  could  well  give 
consideration  to  this  matter. 

As  already  indicated,  another  profitable  investigation  which  the 
Society  can  undertake  is  a  still  closer  relation  between  the  Research 
Committee  and  our  other  committees,  including  the  Elngineering 
Foundation,  with  the  industries  and  with  the  scientific  schools  having 
facilities  for  research  work.  It  has  been  suggested  that  the  Society 
act  as  a  clearing  house  between  the  research  facilities  of  the  uni- 
versities and  the  research  requirements  of  the  industries. 

Most  of  the  broader  asp)ects  within  the  Society  are  in  line  of 
extending  the  usefulness  of  any  one  activity  through  the  medium  of 
coordinating  it  with  some  other  activity.  The  whole  org^misation 
is  capable  of  being  rounded  out  and  planned  so  as  to  produce  the 
maximum  of  team  work. 

IN  THE  PROFESSION   IN   GENERAL 

We  are  hving  in  a  period  of  profound  importance  to  the  whole 
world.  The  social  and  political  conditions  and  the  ideals  of  some 
and  perhaps  nearly  aU  the  nations  are  in  a  state  of  fiux«    To  a  large 
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extent  this  may  be  said  of  our  own  country.  This  state  of  uncer- 
tainty and  uneasiness  has  overtaken  many  men  in  our  own  profession 
and  it  seems,  therefore,  necessary  for  us  to  consider  with  great  care 
if  it  will  not  be  necessary  in  the  near  future  to  readjust  oursdves  to 
the  new  conditions. 

There  is  a  tendency  to  form  new  organisations  to  accomplish  new 
objects,  or  with  the  hope  of  doing  some  thing3  that  the  present  or- 
ganizations are  doing  in  a  better  way.  This  is  unfortunate,  as  it  is 
imwise  and  inefficient  to  have  so  many  agencies  endeavoring  to 
accomplish  the  same  result.  Ck>nsolidation  rather  than  s^sr^ation, 
up  to  proper  limits,  is  desirable. 

In  local  conmiunities  some  plan  should  be  arranged,  which  would 
^vary  in  different  places,  for  the  local  organisations  to  combine  on 
matters  of  common  interest.  The  plan,  however,  is  of  less  impor- 
tance than  the  action  itself.  If  the  local  societies  and  members  of 
tile  same  are  active  in  service  to  the  profession  and  to  the  community, 
s  plan  will  be  evolved  by  which  these  interests  and  activities  can  be 
made  effective. 

ORQANIZATION 

It  was  probably  for  this  reason  that  the  American  Society  of 
Civil  Engineers,  on  June  18,  1918,  created  a  Conmiittee  on  Develop- 
iii<ent  and  adopted  resolutions  creating  the  conmiittee,  a  portion  of 
which  reads  as  follows: 

The  development  and  application  of  the  sciences  in  recent  decades  have 
caused  profound  changes  in  the  social  and  industrial  relationahips  of  all  peoples. 

Sociological  and  economic  conditions  are  in  a  state  of  flux  and  are  leading  to 
new  alinements  of  the  elements  of  society. 

These  new  conditions  are  affecting  deeply  the  profession  of  engineering  in  its 
seryices  to  society,  in  its  varied  relationships  to  conmiunities  and  nations,  and  in 
Its  internal  organization. 

A  hroad  survey  of  the  functions  and  purposes  of  the  American  Society  of  Civil 
^^Qgmeers  is  needed  in  order  that  an  intelligent  and  effective  readjustment  may  be 
accomplished  so  that  the  Society  may  take  its  proper  place  in  the  larger  sphere  of 
uifluence  and  usefuhiess  now  opening  to  the  profession. 

Resolved,  that  a  Conmiittee  be  created  to  report  on  the  purposes,  field  of 
vork,  scope  of  activity  and  usefulness,  organization,  and  methods  of  work  of  the 
American  Society  of  Civil  Engineers,  and  to  make  reoonmiendations  concerning 
these  matters. 

The  purpose  and  scope  of  the  work  of  the  committee  is  thus  in 
part  defined: 

It  is  intended  that  the  Committee  on  Development  shall  make  a  survey  of  the 
fields  of  usefulness  which  are  or  should  be  open  to  the  Society,  consider  what  func- 
tions may  properly  be  assimiied  by  the  Society,  define  its  purpoaes,  formulate 
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policies  and  methods  of  work  to  be  recommended,  and  consider  the  needs  in  < 
ization  and  constitution.  This  means  taking  stock  and  making  plans.  The 
resolutions  contemplate  an  examination  of  present-day  conditions  and  an  outlook 
into  the  future.  They  involve  considering  the  changing  social  and  industrial 
relations  of  the  times  and  the  opportunities  and  responsibilities  which  devolve 
upon  the  Society  and  its  membership.  The  relations  o£  the  Society  to  oilier 
societies  and  to  the  profession  generally  are  also  included.  The  outcome  of  the 
work  of  the  Committee  may  be  modifications  in  the  activities,  functions,  and 
methods  of  work,  or  in  the  emphasis  in  these  matters,  and  possibly  the  additioo  of 
new  ones. 

Similar  committees  have  been  created  by  the  American  Institute 
of  Electrical  Engineers,  and  is  proposed  for  the  American  Institute 
of  Mining  Engineers,  and  our  own  Society.  It  is  proposed  that  the 
various  committees  cooperate  on  subjects  of  common  interest. 

It  is  also  suggested  that  it  may  be  desirable  to  confer  with  repre- 
sentatives of  local  engineering  societies  throughout  the  country  con- 
cerning the  relations  of  ^such  societies  with  the  national  societies. 

The  results  of  this  work  should  be  of  great  benefit  to  the  whole 
profession  in  increasing  solidarity,  diminishing  duplication  of  effort/ 
more  effective  results  in  matters  of  common  interest,  a  more  repre- 
sentative opinion  on  subjects  of  general  interest  to  the  profession 
and  public,  the  creation  of  a  better  feeling  of  fellowship  and  harmony 
and  a  nxuch  greater  ability  to  assist  in  the  inevitable  evolution  of 
industrial  and  social  conditions  which  are  soon  to  follow. 

The  advantages  of  imified  command  and  action  are  most  clearly 
demonstrated  by  the  results  obtained  by  the  allied  armies  under  the 
supreme  conmiand  of  General  Foch. 

The  Engineering  Council  is  a  step  in  the  direction  of  cbdrdinating 
the  work  which  is  of  common  interest  to  the  profession.  It  has 
done  much  good  work,  but  has  not  yet  reached  the  maximum  of  its 
usefulness. 

CONSOLIDATION   OP  TECHNICAL  SOCIETIES 

In  the  Monthly  Bulletin  of  the  American  Institute  of  Mining 
Engineers,  March,  1918,  there  appeared  the  following: 


The  vision  dwells  in  the  minds  of  many  that  ultimately  these  four  great 
ties,  lightening  the  emphasis  they  place  upon  their  differences,  may  see  the  time 
when,  fur  the  solidarity  of  the  profession,  for  thdr  best  interests,  as  well  aa  for 
incn^aso  of  their  influence  on  the  country  at  large,  they  may  beoome  one  great 
national  association  of  engineers.  With  the  gain  in  power  and  prestife  mefritably 
following  such  an  aggregation,  freedom  for  individual  developiiienl  may  be 
achieved  through  divisions  along  the  lines  of  technical  interests^  which  might 
either  follow  the  present  four  grand  divisions  or  be  more  minutely  MbdiTided. 
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An  organization  of  this  sort  could  and  probably  would  be  more  strietly  pro- 
f essional  than  any  of  the  four  have  been  heretofore,  and  through  the  prestige  and 
power  of  its  numbers  could  establish  standards  of  ethical  conduct  tat  its  members, 
violation  of  which  would  bring  grave  consequence. 

This  great  vision  is  worthy  of  the  most  careful  consideration  and 
might  be  carried  with  safety  to  a  point  where  the  nation^  societies 
would  be  gathered  in  under  one  executive  head,  without  any  one 
losing  any  vital  portion  of  its  individuality. 

This  would  be  a  great  step  in  advance  and  perhaps  as  far  as  we 
should  go  for  some  time  to  come. 

STANDABDIZATION 

There  is  now  opening  up  to  the  profession  the  most  promising 
opportunity  of  furthering  the  work  of  national  and  international 
standardization.  It  is  the  beginning  of  a  real  great  international 
movement  for  standardization. 

*«  All  of  our  own  standards  conmiittees  are  working  under  the  general 
direction  of  the  Standardization  Committee,  the  sole  duty  of  which 
committee  is  to  see  that  the  work  of  the  various  conmiittees  shall  be 
in  harmony  with  the  general  scheme,  but  not  to  prepare  standards 
for  any  particular  purpose. 

The  American  Engineering  Standards  Committee  bas  been  created 
for  the  purpose  of  harmonizing  the  standards  of  the  various  branches 
of  the  profession,  and  it  is  about  ready  to  function. 

Upon  invitation  of  the  British  Ekigineering  Standards  Association, 
this  Society  is  acting  as  an  informal  correspondence  committee  in  the 
United  States. 

NATIONAL  DEVELOPMENTS  IN  WHICH  THE   PROFESSION   CAN   BE 

BE  OF  ASSISTANCE  AND  GUIDANCE 

Although  the  military  conditions  with  the  Allies  in  Europe  are 
satisfactory,  there  is  a  vast  amount  of  work  yet  to  be  done  in  clearing 
up  the  whole  situation  and  our  efforts  should  not  be  diminished  until  a 
satisfactory  ending  is  reached. 

It  is  now  time  to  give  careful  consideration  to  the  readjustment 
after  the  war  so  that  this  country  shall  maintain  its  national  and  in- 
dustrial integrity  with  due  regard  to  our  obligations  to  other  coun- 
tries. We  were  unprepared  for  war,  which  was  a  possibility,  and  we 
are  unprepared  for  peace,  which  is  a  certainty. 

The  future  will  have  problems  and  trials.    The  contests  will  not 
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be  of  battle  but  of  industry.  The  conquests  will  not  be  of  territory 
or  thrones  but  of  markets. 

Plans  have  been  under  consideration  for  some  time  in  England, 
France,  and  Germany  for  regaining  the  commerce  lost  during  the  war. 

Upon  our  ability  to  resume  our  normal  lines  will  depend  to  a  large 
d^ree  our  prosperity  at  home  and  trade  expansion  abroad. 

We  were  unprepared  for  war  and  it  has  been  a  stupendous  task  to 
readjust  our  industries  to  a  war  basis.  It  will  be  no  easy  task  to  re- 
adjust ourselves  for  peace.  In  this  readjustment  our  vision  must 
extend  beyond  the  state  and  nation  out  into  the  broad  world. 

''With  courage  we  must  face  the  future,  confident  that  with  a 
better  understanding  of  our  local  and  national  problems,  and  with  a 
closer  and  more  systematic  cooperation  between  the  governing 
authorities  and  business  institutions,  continuing  progress  will  be 
assured.  These  are  not  times  for  jealousies,  prejudices  and  selfish- 
ness, but  with  a  largeness  of  heart  and  bigness  of  vision  we  must  unite 
in  a  common  effort  to  help  America  achieve  its  manifest  destiny.''    . 

Bills  have  already  been  presented  to  Congress  which  contemplate 
the  creation  of  a  Federal  Commission  on  Reconstruction,  the  duties 
of  which  are  far  reaching.  The  Commission  is  to  investigate  and 
recommend  to  Congress  what  additional  legislation  or  changes  in 
legislation  are  desirable. 

Under  the  Weeks  Bill  the  subjects  are  summarized  as  follows: 

1  Problems  affecting  labor. 

2  Problems  affecting  capital  and  credit. 

3  Problems  affecting  public  utilities. 

4  Problems  resulting  from  the  demobilization  of  our  industrial 

and  military  war  resources. 

5  Problems  affecting  our  foreign  trade. 

6  Problems  affecting  the  continuance  of  existing  industries 

and  the  establishment  of  new  industries. 

7  Problems  relating  to  agriculture. 

8  Problems  affecting  the  adequate  production  and  ^ective 

distribution  of  coal,  gasoline,  and  other  fuek. 

9  Problems  relating  to  shipping,  including  shipyards,  and 

especially  in  regard  to  the  sale,  continuance  of  ownmhip, 
or  leasing  of  both  yards  and  ships. 

10  Housing  conditions  and  the  disposition  of  bouses  con- 

structed by  the  Government  during  the  war. 

11  War  legislation  now  on  the  statute-books,  with  reference 

to  its  repeal,  extension,  or  amendment. 
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12  And  in  general  all  matters  necessarily  arising  during  the 
change  from  the  activities  of  war  to  the  pursuits  of  peace, 
including  those  that  may  be  referred  to  it  by  the  Senate 
or  House  of  Kepresentatives. 
Under  the  Overman  Bill  the  tasks  named  are  as  follows: 

a  The  financing,  regulation,  control,  and  development  of  the 

merchant  marine. 
b  The  development,  financing,  expansion,  and  direction  of 

foreign  trade, 
c  The  reorganization,  financing,  and  readjustment  of  indus- 
tries engaged  in  war  work  by  way  of  reconverting  them 
to  normal  production. 
d  Technical  education  and  in^^ustrial  research  as  a  means  of 

developing  and  strengthening  industry. 
e  The  redistribution  and  employment  of  labor  in  agricultural 
and  industrial  pursuits  and  the  problems  of  labor  growing 
out  of  demobilization. 
/  The  supply,  distribution,  and  availability  of  raw  materials 

and  foodstuffs. 
g  The  conservation  and  development  of  national  resources. 
h  Inland  transportation  by  rail  and  water. 
i  The  reorganization  of  government  departments,  bureaus, 
commissions  or  offices  with  a  view  to  putting  the  Govern- 
ment on  an  economical  and  efficient  peace  basis. 
k  The  consolidation  of  such  acts  and  parts  of  acts  of  C!ongress 
which  relate  to  the  same  subject-matter,  but  which  now 
appear  at  various  places  in  the  statutes. 
Nearly  all  of  the  problems  suggested  above  are  directly  or  in- 
directly engineering  problems.    The  framing  of  laws  would   be 
greatly  facilitated  if  the  advice  of  the  engineers  were  made  available 
in  furnishing  many  of  the  physical  and  technical  facts  upon  which 
they  should  be  based. 

Nearly  all  of  the  problems  of  a,  municipality  and  largely  of  the 
state  and  nation  are  engineering  in  their  nature  and  it  should  be  the 
duty  of  all  engineers  to  take  an  active  interest  in  the  conduct  of  pub- 
lic affairs  in  so  far  as  the  opportunity  offers.  It  is  always  possible  in 
the  smaller  way  in  the  community  and  the  opportunity  will  broaden 
if  a  man  shows  his  ability  and  interest  into  fields  of  wider  scope. 

Our  assistance  will  be  needed  now  more  than  ever,  for  the  tendency 
of  the  times  is  towards  socialism  and  government  ownership  or  con- 
trol of  all  facilities  which  are  used  by  the  public.    The  arm  of  federal 
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authority  is  reaching  further  and  further  into  our  personal  life  and 
affairs.  We  are  moving  rapidly  in  the  transfer  of  authority  from 
hose  who  have  a  personal  interest  in  its  successful  exercise  to  those 
twho  have  only  poUtical  advantage  to  gain. 

This  Society,  other  societies  and  Engineering  Council  are  already 
working  on  some  of  the  problems.  We  are  not  concerned  with  all  of 
them  at  present,  but  should  be  soon.  We  should  begin  to  look  upon 
all  of  them  with  a  broader  vision,  and  should  take  a  more  active  and 
helpful  attitude  toward  public  affairs  and  industrial  relations  which 
we  have  heretofore  considered  beyond  the  scope  of  our  work. 

One  of  the  reasons  why  we  have  not  accomplished  more  during  the 
war  has  been  the  difficulty  of  making  a  definite  connection  or  associa- 
tion with  the  miUtary  operations  of  the  Government.  It  has  been 
suggested  that  some  arrangement  might  be  made  between  the  Govern- 
ment and  Engineering  Council,  by  which  all  kinds  of  engineering  and 
kindred  problems  could  be  submitted  to  the  Council.  It  is  also  sug- 
gested that  Engineering  Council  offer  its  services  to  every  congres- 
sional committee  having  problems  of  an  engineering  nature  to  report 
upon.  If  it  could  be  brought  about  that  the  engineers  would  be  in- 
vited to  assist,  it  would  be  a  very  satisfactory  arrangement. 

There  will  probably  be  many  conunissions  established  on  which  an 
e9gineer  member  would  be  of  great  assistance  in  transmitting  to  the 
other  members  such  technical  information  as  they  would  need  to  under- 
stand the  fundamentals  of  the  technical  portion  of  the  problem  and  in 
directing  the  line  of  effort  for  obtaining  the  technical  data  required. 

Before  we  can  make  a  successful  connection,  however,  we  must 
have  enough  knowledge  of  their  problems  and  enough  imagination 
to  be  able  to  suggest  along  what  lines  we  can  be  of  assistance. 

While  we  are  holding  our  convention,  the  National  Council  of  the 
Chamber  of  Commerce  of  the  United  States  is  being  held  in  Atlantic 
City,  for  the  purpose  of  formulating  plans  for  reconstruction  of 
business. 

READJUSTMENT  OF  LABOR  AI^D  TREATMENT  OF  EMPLOTSB8 

Probably  the  greatest  problem  before  the  nation  is  the  redistribu- 
tion and  readjustment  of  labor.  The  following  is  quoted  from  a 
bulletin  of  the  Chamber  of  Commerce  of  the  United  Stfttes  with 
reference  to  **A  New  Service.'' 

War  conditions  impoee  upon  business  and  industry  problems  of  great  difficulty 
and  unusuahiess,  requiring  united  thought  and  action. 

The  conditions  of  shortage  of  labor,  the  great  pressure  of  demand  for  products. 
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the  shrinkage  in  the  purchasing  value  of  the  wage,  And  the  qnead  of  demoeralic 
ideas  have  created  the  necessity  for  labor  adminirtratkii  all  aloag  the  Una  from, 
the  (jovoimient  down  to  the  small  private  manufacturers,    * 

These  devdopments  have  aUconie  about  so  ri^adly  that  their  impiKcatioiMi  and 
necessary  consequences  have  not  been  reahied.  The  most  f ap-fli|^hted  and  in- 
tdligent  opinion  sees  in  these  events  the  beginningB  of  revohitkiiaiy  dianges  in 
industrial  rdations  which  will  eventuate  in  a  strong  federal  labor  admimstration 
to  control  this  vast  machinery.  ^ 

The  employers  have  an  unlimited  opportunity  at  the  veiry  beginning  to  par- 
ticipate in  this  administration.  The  danger  of  faflure  is  greatest  from  indifference 
and  lack  of  understanding  among  empbyers,  from  an  unwillingnesB  or  incapacity 
to  learn  cooperative  in  place  of  ccmipetitive  methods. 

The  War  Service  Ck>mmittees,  under  the  direction  of  the  Chamber,  are  woric- 
ing  out  adjustments  called  for  by  the  War  Industries  Board  as  regwds  matfrialw, 
fud,  and  transportation.  The  Committee  on  Industrial  Relatiaiia  hae  undertaken 
similariy  to  join  with  the  War  Labor  Administratlcm  in  its  task  of  procoiing  the 
maximimi  utilisation  of  our  labor  resources. 

To  investigate  all  experiments  and  devdc^mienta  in  induBtiial  relations  both' 
in  this  country  and  abroad  and  to  place  before  the  membership  the  results  of  sudi 
researdi.  To  assist  the  constituoiey  of  the  Chamber  in  bettering  the  rdation- 
shq>  between  employe  and  employee  by  making  availaUe  the  records  of  the  best 
ezpoience  and  practice  c^ceming  wage  and  hours  adjustment;"  methods  of  han- 
dlhig  grievances  ^ddisdidine,  industrial  service  Gn^proving  the  working  and  living 
conditions  of  employees  and  their  families,  housing^  medical  service^  recre(ition, 
insurance,  accident  prevention,  etc.);  dealing  with  labor  orgawlsatiotis;  utilising 
mediation  and  arbitration  in  disputes;  securing  the  cooperation  of  emplo3rees  in 
raising  standards  of  efficiency;  improved  methods  of  employment  management, 
hiring,  transfer  and  dismiRsal,  fitting  the  men  to  the  job. 

The  permanent  results  of  the  activities  of  this  committee  will  be  educational. 
If  successful,  it  will  have  created  in  the  minds  of  emi>loyers  a  rational  attitude, 
supported  by  facts  and  information,  concerning  the  relations  between  themselves 
and  those  whose  interests  they  are  administering.  The  wage  earner  is  just  as 
dependent  upon  the  intelligent  and  successful  administration  of  enterprise  as  is 
the  business  upon  the  loyal  and  efficient  service  of  the  employees.  The  war  has 
given  an  impetus  toward  democratic  methods  of  administration  both  in  public  and 
private  enterprise.  Industrial  administration  must  adapt  itself  to  those  con- 
ditions and  conform  to  the  prevailing  ideas  of  the  time  or  find  itsdf  in  antagonistic 
relationships  with  all  interests  with  whom  it  must  deal.  The  employer  must  con- 
ceive  himself  to  be  a  trustee  of  the  interests  of  all  involved  in  his  enterprise  and 
see  that  these  interests  are  properly  represented,  lest  he  be  confronted  witn  oppo- 
sition handicapping  all  his  efforts.  These  administrative  difficulties  are  not 
wholly  the  product  of  war  nor  will  they  disappear  at  the  dose  of  the  war;  indeed, 
it  is  more  likely  the  industrial  problems  will  increase  in  complexity  with  the 
coming  of  peace. 

These  quotations  have  been  made  because  they  describe  the 
problems  and  responsibilities  which  are  ours. 

This  vast  and  wonderful  industrial  organization  with  which  we  are 
living  and  struggling,  is  the  growth  of  the  last  century.    Its  growth 
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has  been  so  rapid  that  neither  the  employer  nor  employee  as  a  ^riude 
has  been  able  to  see  with  clear  vision  a  just  solution  of  the  many 
problems  of  relationship  one  to  the  other.  For  this  reason  there  have 
been  misunderstandings  and  struggles  of  great  intensity  with  the 
tendency  of  further  separating  the  two  parties,  whose  interests  are 
largely  in  common.  Protective  organizations  have  been  formed 
principally  by  the  employees,  whose  object  is  primarily  the  better- 
ment of  the  conditions  of  the  working  people.  Just  so  long  as  these 
organizations  representing  the  employer  and  employee  are  managed 
and  conducted  for  the  general  welfare  of  the  community  as  a  whole, 
they  may  be  of  service  to  the  country,  but  when  their  affairs  are  con- 
ducted in  a  manner  prejudicial  to  the  interests  of  the  community, 
they  should  be  curbed. 

Organized  labor  has  its  plans  for  the  present  and  after-the-war 
period,  which  from  all  indications  are  very  far  reaching.  The  in- 
dustries may  have  some  plans,  but  they  are  not  much  in  evidence. 

The  real  issue  is  whether  the  genius  of  American  individual  enter- 
prise is  to  be  free,  with  due  regard  for  the  oppoDbunity  and  welfare  of 
all  the  people.  The  responsibiUty  of  guiding  the  republic  rests  upon 
such  thinking  men  and  men  of  experience  as  are  members  of  this 
Society. 

Many  of  our  members  are  now  vitally  interested  as  employees 
with  these  great  relationship  problems.  Some  of  those  who  are  now 
employees  will  later  be  advanced  to  the  position  of  employer,  and 
knowledge  of  these  problems  will  better  fit  them  for  advancement. 
By  treating  this  matter  on  a  very  broad  basis  far  greater  progress 
will  be  made  toward  the  establishment  of  satisfactory  conditions  than 
by  settUng  down  into  a  condition  of  stubbomess  and  refusing  to  look 
the  facts  in  the  face  and  endeavoring  to  operate  under  conditions 
which  may  be  wholly  in  opposition  to  preconceived  ideas  of  what  is 
proper. 

We  had  our  labor  problems  before  the  war,  they  will  be  more  com- 
plex after  the  war,  on  account  of  the  readjustment  which  must  take 
place.  The  bulk  of  the  men  who  have  gone  into  the  service  will  re- 
turn, many  women  have  gone  into  the  industries  and  into  work  here- 
tofore done  by  men  only,  and  in  many  instances  they  have  surpassed 
all  expectations.  The  poUcy  to  be  followed  by  foreign  countries  to 
r^;ain  their  lost  or  impaired  commerce  will  have  a  bearing  on  our 
problems. 

These  and  many  other  questions  will  tend  to  make  this  proUem 
more  complex. 
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they  have  been  fitted  for  the  work  which  they  can  do  best,  unless  it  is 
absolutely  necessary  to  have  immediately  a  vast  amount  of  man 
power  in  the  field. 

The  resolutions  called  for  ''Maintaining  unimpaired  the  engineer- 
ing strength  of  the  nation  for  the  prosecution  of  military  operations 
and  for  the  support  of  the  sustaining  industries." 

''  It  urges  that  schools  of  engineering  as  the  principal  sources  of 
this  training  be  regarded  as  closely  allied  in  the  material  purpose  with 
military  and  naval  schools  of  the  Nation." 

Copies  of  the  resolutions  were  sent  to  the  Secretary  of  War  and 
the  Provost  Marshal. 

A  committee  was  appointed  to  ascertain  the  availability  of  techni- 
cal schools  and  laboratories  and  what  other  opportunities  there  may 
be  for  industrial  training. 

Resolutions  were  passed  and  sent  to  the  Secretary  of  War,  protest- 
ing against  the  diversion  of  engineering  schools  from  their  primary 
function  of  advanced  technical  education,  because  of  the  persistent 
pressure  for  a  training  of  technicians  for  the  war. 

As  a  result  of  these  resolutions  the  Secretary  of  War  appointed  a 
Committee  on  Education  and  Special  Training.  Another  result  was 
the  nationalization  of  scientific  schools  and  collies. 

Committees  of  various  kinds  have  been  created  for  directing  the 
work  of  special  education  and  training  for  the  war,  but  very  little 
actual  work  has  been  done  with  reference  to  education  after  the  war. 

Bills  have  been  passed  in  Congress  making  substantial  sums 
available  for  vocational  education  upon  joint  action  of  the  states 
with  an  equal  appropriation  of  the  allotment  to  the  state. 

If  the  manufacturers  of  the  country  desire  to  utilize  this  fund,  it  is 
up  to  them  to  secure  the  assistance  of  the  state;  otherwise  the  fund 
or  that  apportionment  for  the  state  not  taking  advantage  of  the 
opportunity  will  be  turned  back  into  the  Treasury. 

The  Federal  Board  for  Vocational  Education  has  undertaken  the 
work  of  reeducating  disabled  soldiers  and  sailors.  It  has  made  the 
following  statement: 

In  dealing  witb  the  disabled  man,  the  Board  expects  to  treat  him  throughout 
as  a  civilian  needing  advice  and  assistance,  to  approve  his  choice  of  oecupatioD, 
unless,  after  careful  investigation,  sound  opinion  shows  it  to  be  in  the  end  not 
advisable  to  train  him  to  meet  the  needs  of  the  occupation  he  has  sdeeted,  to  urge 
him  to  make  the  most  of  his  opportunity  to  overcome  his  handicap  by  taking 
thorough-going  instructions,  to  help  him  to  secure  desirable  permanent  employ- 
ment, and  to  keep  in  close  touch  with  him  after  he  goes  to  work. 

The  manufacturer  should  be  greatly  interested  in  this  work  of  rehabilitatioo 
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and  should  aid  the  Board  in  every  pooBible  way.    The  War  Department  expects 
toltrain  a  large  number  before  the  year  ia  out. 

These  reeducated  men,  made  proficient  in  some  trade  or  apenJdxm  suited  to 
their  remaining  capabilities,  are  gdng  to  constitute  the  most  available  source  of 
skilled  labor  for  some  time  to  come.  They  will  probably  be  the  most  dependable 
labor  in  the  inevitable  period  of  unrest  and  readjustment  after  the  demobilization 
of  the  armies,  when  the  country  is  settling  bade  into  a  normal  condition  again. 
These  reSducated  men  will  form  a  core  around  which  the  newer  labor  can  center. 
The  manufacturer  who  has  the  foresight  to  make  liberal  use  of  these  retrained  men 
is  going  to  have  an  immeasurable  advantage  over  his  competitor  who  trusts  to 
luck  to  get  the  h^  he  needs  out  of  the  disbanding  armies. 

Very  little,  other  than  that  already  described,  has  been  done  with 
reference  to  education  after  the  war.  This  work  should  be  begun 
immediately.  Plans  should  be  made  for  reconverting  the  scientific 
schools  and  coU^es  back  to  their  peace  pn^ram. 

Many  of  our  members  are  engaged  in  manufacturing  and  many  in 
teaching.  We  have  committees  on  Industrial  and  Vocational  Train- 
ing. There  should  be  cooperation  between  the  industrial  plants  and 
the  schools.  We  can  be  of  great  asastance  in  the  practical  redevelop- 
ment of  the  educational  systems  and  in  the  relationship  between  the 
schools  and  the  industries,  in  the  rehabilitation  of  crippled  soldiers 
and  industrial  workers  and  the  teaching  of  the  blind|  in  an  endeavor 
that  every  man  shall  have  an  opportunity  to  earn  a  living  in  a  way 
that  wiU  carry  with  it  some  degree  of  happiness. 

A  portion  of  a  recent  editorial  in  London  Engineering  reads  as 
follows: 

Education  in  its  broader  sense  should  have  as  its  main  object  the  training  of 
the  mind  towards  the  achievement  of  greater  happiness  and  this  can  only  be  got 
by  developing  the  tninking  faculty  so  that  a  better  perspective  of  life  can  be 
obtained.  Thereon  rests  the  hope  for  greater  amity  between  employer  and 
worker  and  a  higher  realization  of  the  duties  of  citizenship. 

The  recent  report  by  Dr.  Charles  R.  Mann,  entitled  "A  Study  of 
Engineering  Education,"  prepared  for  the  joint  committee  on  engi- 
neering education  of  the  National  Engineering  Societies  (Bulletin 
Xo.  II  of  the  Carnegie  Foundation  for  the  Advancement  of  Teach- 
ing), should  be  read  by  everyone  who  is  interested  in  engineering 
education. 

The  report  should  be  of  great  assistance  in  the  reorganization 
period.  I  am  in  accord  with  many  of  the  reconmiendations  and  con- 
clusions, particularly  those  mentioned  in  the  introduction  by  the 
Jomt  Committee  on  Engineering  Ekiucation,  which  reads  as 
follows: 
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Other  significant  characteristics  of  the  report  are  found  in  the  diflcuwBJonii 
of  the  general  failure  to  recognize  such  factors  as  "values  and  cost,"  the  import- 
ance of  teaching  technical  subjects  so  as  to  develop  character,  the  necessity  for 
laboratory  and  industrial  training  throughout  the  courses,  and  the  use  of  good 
English. 

Another  point  emphasized,  and  one  of  deep  importance,  is  that  of  the  reor- 
ganization of  curricula  which  are  commonly  acknowledged  to  be  much  oongestod, 
and  which  it  is  stated  will  continue,  **  as  long  as  departments  are  allowed  to  act  as 
sole  arbiters  of  the  content  of  the  courses/'  Plans  are  offered  for  developing  par- 
ticular types  of  curricula  suited  to  the  environment  of  each  school. 

Emphasis  is  also  given  to  the  necessity  for  a  broader  training  in  the  funda- 
mentals of  science  as  an  equipment  for  all  engineers  and  forming  a  sort  of  "oom- 
mon  core"  to  every  curriculmn.  With  this  broad  training  in  the  first  and  second 
years  the  student  is  expected  to  develop  some  natiutd  leaning  toward  a  qpeciahy, 
and  then  will  follow  vocational  guidance  in  the  later  stages  of  his  education. 

The  scale  for  measuring  the  success  or  failure  to  provide  proper  training  for 
engineers  has  been  created  by  the  practicing  engineers.  That  scale  is  the  im- 
provement of  character,  resoiu'cefulness,  judgment,  efficiency,  imderstanding  of 
men,  and  last  of  all,  technique,  as  shown  by  students. 

With  the  conversion  of  the  schools  and  colleges  to  war  work, 
intensive  study  became  necessary.  Everything  except  the  essentials 
was  eliminated,  with  more  hours  of  work  per  year. 

It  would  be  a  good  thing  if  in  the  reorganization  period  much  of 
the  specialization  work  can  be  eliminated  and  thus  a  shorter  time  be 
required  for  college  work  for  the  bulk  of  the  students,  and  if  a  greater 
portion  of  the  year  could  be  devoted  to  work,  thus  using  the  educa- 
tional plants  to  a  bighet*  degree  of  efficiency,  that  is,  with  a  higher 
load  curve. 

In  educational,  as  well  as  in  other  lines  of  endeavor,  if  we  have  not 
learned  a  lesson  of  conservation  of  time  and  effort,  we  shall  have 
missed  some  of  the  benefits  which  it  is  hoped  will  be  derived  from  the 
war. 

CONSERVATION 

Next  in  order  of  importance  to  labor  in  the  industries  is  the 
ability  to  procure  raw  materials  in  sufficient  quantities  and  at  reascm- 
able  prices.  I  will  not  dwell  upon  this  subject,  but  will  pass  to  the 
question  of  power,  with  which  we  are  more  closely  identified,  and 
which  affects  directly  the  bulk  of  our  people. 

Many  of  our  members  have  been  assisting  in  the  conservation  ot 
fuel  by  serving  on  committees  or  individually  in  attempting  to  assist 
the  various  fuel  administrators  in  the  coimtry,  or  on  committees  or 
commissions  established  for  the  proper  development  and  utilisation 
of  our  water  resources. 
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The  problem  of  power  supply  is  very  intimately  connected  with 
the  railroad  and  transportation  problems  and  a  study  of  one  involves 
the  study  of  both. 

There  have  been  very  serious  delays  in  the  transportation  of 
materials  and  supplies,  and  one  of  the  principal  reasons  for  coal 
shortage  last  winter  was  a  lack  of  sufficient  transportation  facilities. 
It  is  stated  that  about  one-quarter  of  all  the  coal  used  and  trans- 
ported is  for  the  use  of  the  railroads,  and  another  large  portion  is 
required  for  manufacturing,  lighting  and  power.    Some  of  this 
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necessarily  must  be  us^  at  the  plants  for  heating  and  manufactur- 
ing purposes. 

Much  of  this  traffic  could  be  eliminated  by  the  establishment 
of  large  steam-generating  plants  located  as  near  the  coal  mines  as 
conditions  will  permit,  and  on  tidewater,  where  coal  and  oil' could  be 
brougiht  in  by  vessels,  by  the  development  of  hydroelectric  powers, 
which  are  within  reasonable  distance  of  the  market,  and  by  the 
electrification  of  the  railroads,  with  great  trunk  connecting  and 
transmission  lines.  Incidentally  with  the  further  development  of 
hydroelectric  power  is  the  saving  in  labor  required  for  the  mining, 
transportation  and  burning  of  coal. 

Savings  can  be  made  by  more  careful  study  and  use  of  the  waste 
heat  of  furnaces  in  the  form  of  gas  for  the  production  of  power,  and 
from  steam  turbines  and  engines  by  the  use  of  steam  and  wann 
water  for  heating  and  manufacturing  purposes. 

Further  conservation  of  power  and  fuel  can  be  made  by  intercon- 
necting transmission  line  between  the  hydroelectric  companies  so 
that  the  greatest  possible  use  could  be  made  under  the  varying 
conditions  of  flow  of  the  steam  at  the  different  developments. 

Still  further  saving  of  fuel  can  be  made  by  the  redevelopment  of 
many  of  the  older  water-power  plants,  which  contain  inefficient 
wheels  in  efficient  settings,  and  it  may  be  possible  in  many  cases  to 
increase  the  capacity  of  the  plant  so  as  to  use  all  of  the  trat^  for  a 
longer  period  of  the  year  and  waste  water  for  a  shorter  period. 

The  conservation  of  flood  waters,  now  wasting,  by  the  construc- 
tion of  storage  reservoirs,  is  receiving  greater  consideration.  Spedal 
conunissions  have  been  appointed  in  some  states  for  the  study  of  this 
question,  but  as  yet  no  great  progress  has  been  made  so  far  as  reser- 
voirs for  power  are  concerned.  Most  of  the  reservoirs  for  p6wer 
already  constructed  have  been  built  by  private  interests  and  by 
agreements  among  parties  deriving  benefit  from  such  reservoirs. 

The  four  chief  reasons  why  this  sort  of  development  has  not  pro- 
ceeded more  rapidly  are  that  the  development  expense  and  jrearly 
charges  of  many  would  be  so  great  that  the  returns  would  be  insuffi- 
cient to  offset  them  and  show  a  fair  return  on  the  investment,  the 
inabiUty  of  parties  at  interest  to  agree  on  some  working  plan  for 
sharing  the  expense,  that  legislation  has  been  of  a  discouraging 
nature,  and  because  in  the  past  all  values  have  been  measured  in 
dollars  and  cents,  as  applied  to  the  cost  of  power  with  not  much 
consideration  to  conservation  or  the  uses  to  which  the  power  was 
put. 
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The  e3q)eiise  of  such  large  developments  at  the  mouth  of  the 
mines  and  at  tide  water,  and  of  the  development  of  some  of  the 
hydroelectric  powers,  may  be  too  great  for  private  interests  to 
undertake.  The  uncertainties  and  restrictions  imposed  have  been 
such  as  to  prevent  the  development  of  some  of  the  possible  water 
powers.  More  liberal  l^islation  is  needed  to  encourage  these  un- 
dertakings in  many  of  which  the  margin  of  profit  is  small  and  doubt- 
ful. Congress  has  now  under  consideration  a  water-power  bill  which 
it  is  hoped  will  encourage  developments. 

From  now  on  we  should  consider  the  value  of  development  with  a 
broader  conception  of  not  only  the  net  comparative  cost  of  power,  as 
produced  by  one  means  or  another,  but  also  in  connection  with  the 
desirability  of  having  another  instrument  by  which  the  full  produc- 
tion is  assured,  the  value  of  the  product  being  far  greater  in  most 
cases  than  the  cost  of  power,  and  with  the  desire  to  conserve  our 
natural  resources,  and  with  a  view  in  times  of  shortage,  of  assisting 
in  the  general  stabilization  of  business. 

It  is  not  conceivable,  however,  that  the  business  men  will  be 
willing  to  make  expenditures  for  anything  that  will  not  improve  thdr 
own  property  or  conditions,  and  any  excess  expenditure  required  for 
conservation  for  the  benefit  of  the  general  ^blic  must  be  met  from 
the  treasury  of  the  public.  It  is  conceivable  and  proper,  however, 
that  the  individual  should  take  a  broader  view  of  the  benefits  to  be 
derived  from  expeditures  for  his  own  benefit. 

The  basis  for  valuations  of  all  properties  or  undertakings  while 
subject  to  discussion  and  variation  of  opinion,  was  fairly  recognized 
three  or  four  years  ago.  Estimates  of  initial  cost,  cost  of  operation, 
gross  and  net  income  were  made  to  determine  the  value  on  a  basis  of 
dollars  and  cents. 

During  a  period  of  war,  costs  and  values  are  increased  enormously, 
and  values  are  not  measured  in  dollars  but  in  time,  necessity  and 
quick  availability  for  the  purpose  of  ultimately  saving  life  and  vaster 
amounts  of  property  and  even  the  safety  of  the  nation. . 

After  the  war,  there  must  be  a  readjustment  of  values,  and  with 
this  there  should  be  a  broader  conception  of  values  than  that  measiured 
wholly  in  net  returns  of  money. 

The  above  outline  of  possible  methods  which  might  be  used  for 
the  conservation  of  fuel  is  made  for  the  purpose  of  describing  in  a 
general  way  the  broader  \dew  which  should  be  taken  of  this  particular 
subject,  and  as  an  example  of  how  the  many  other  problems  which 
have  been  summarized  earlier  should  be  attacked,  not  as  a  problem 
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by  itself  to  be  decided  in  terms  of  money  as  applied  directly  to  that 
particular  problem,  but  with  careful  consideration  of  the  broader 
bearing  upon  the  greatest  good  for  the  community  or  country.  Such 
broad  consideration  as  this  will  necessitate  a  remolding  of  our 
former  circumscribed  conceptions,  a  broadening  of  our  imagination 
and  the  weighing  of  the  effect  of  action  and  consequences  in  the 
broadest  and  most  liberal  manner. 

As  a  people  we  should  readjust  our  methods  of  life,  getting  down 
more  nearly  to  the  fundamentals,  eUminating  many  extravagances 
and  wastes  in  our  private  method  of  living,  on  our  local,  state  and 
national  governments,  in  education,  in  the  industries  and  in  all  of 
our  activities,  so  that  we  may  not  rob  future  generations  of  the 
heritage  which  is  rightfully  theirs,  and  so  that  we,. ourselves,  may 
by  elimination  of  many  cumbersome  things,  get  a  better  perspective 
of  what  is  necessary  and  right  and  live  with  a  better  conception  of 
the  real  things  of  value  on  this  earth.  If  we  shall  not  have  learned  a 
lesson  which  will  enable  us  to  do  so,  a  part  of  our  suffering  will  have 
been  in  vain. 

In  closing  I  desire  to  quote  from  an  article  prepared  by  Honor- 
able Joseph  I.  France,  which  is  applicable  to  the  present  time  and 
during  the  period  of  reconstruction: 

'' Scholars  and  members  of  these  great  academies,  offidak  of 
states  and  nations,  men  in  the  armies,  men  and  women  in  all  our 
industries  and  at  hoQie,  must  catch  a  vision  of  this  process  and  of 
this  plan  and  strike  strong,  increasing,  shaping,  fabricating  blows 
in  order  that  in  these  fires  America  may  be  welded  into  that  new  and 
more  nearly  perfect  symmetry  and  unity  which  will  assure  to  each 
and  to  all  the  utmost  safety  and  the  highest  liberty. 

''In  America  the  new  temple  of  liberty  is  not  yet  builded,  but 
it  is  in  the  building  and  it  is  for  us,  for  each  living  American,  an  hour 
of  opportunity  and  of  destiny,  in  which  we  all  must  rededicate  our- 
selves unreserved  to  sacrifice,  to  toil  and  to  unwear3ring  service  until 
the  nobler  and  more  lofty  fane  is  fully  complete." 
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REPORt   OF  THE   COMMITTEE   ON   STAND- 
ARDIZATION  OF  FLANGES  AND 

PIPE  FITTINGS 

To  THE  Council  of  the  Amebigan  Societt  of  Mechanical 

Engineers: 

Your  Committee  on  the  Standardization  of  Flanges  and  Rpe 
Fittings  has  agreed  on  the  following  additions  to  existing  standards 
comprised  in  its  report  known  as  The  American  Standard  for  Pipe 
Manges,  Fittings  and  their  Bolting,  issued  in  1914,  and  herewith 
presents  them  for  your  consideration  and  action: 

Standardization  of  angle  elbows  and  special  an^e  fittings:  From 
1  d^.  to  45  deg.:  use  center-to-face  dimensions  of  standard  46-d^. 
elbows,  American  Standard,  and  over  45  d^.,  use  center-to-face 
dimensions  given  for  90  deg.  American  Standard  elbows. 

1  A  standard  to  be  known  as  American  Low-Pressure  Standard 
for  50  lb.  working  pressure,  tabulation  of  flange  data  attached. 
This  standard  was  reconmiended  after  an  agreement  with  the  Com- 
mittee of  the  Manufacturers'  Association. 

2  Thre^  standards  for  hydraulic  fittings,  to  be  known  as: 

800-Lb.  Hydraulic  American  Standard 
1200-Lb.  Hydraulic  American  Standard 
3000-Lb.  Hydraulic  American  Standard. 

Tal^ulations  and  data  for  each  of  these  standards  with  joint  designs 
are  submitted  for  your  consideration.  These  are  given  in  Tables  1 
to  4,  inclusive,  and  in  Figs.  1,  2,  and  3. 

Your  Committee  deems  it  inadvisable  at  this  time  to  outline  or 
recommend  a  standard  for  600  lb.  steam  pressure  with  superheat, 
partly  because  there  is  at  present  no  demand  for  fittings  for  this 

Presented  at  the  Annual  Meeting,  December  1918,  of  The  Amsrican  Society 
OF  Mechanical  Engineers.  Received  by  the  Council.  April  23,  1918,  and 
ordered  printed.  This  paper  was  prepared  under  the  direction  of  J.  P.  Sparrow, 
deceased,  the  late  Chairman  of  the  Committee. 
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pressure  and  because  your  Committee  feels  that  it  should  be  guided 
somewhat  by  experience  in  the  field  with  the  pressures  and  tempera- 
tures now  in  use,  namely,  300  lb.  pressure  and  250  to  275  deg. 
superheat. 

Your  Committee,  however,  is  ready  to  advise  that  for  400  lb. 
steam  pressure  and  not  exceeding  250  deg.  superheat  the  800-lb. 
Hydraulic  American  Standard  in  steel  is  adequate. 

These  recommendations  bring  the  work  of  your  Committee  up 
to  date  so  far  as  any  requests  that  they  have  before  them  for  con- 
sideration are  concerned. 

It  is  the  desire  of  the  Manufacturers'  Association  that  the  stand- 
ards herein  outlined  be  made  effective  at  the  earliest  possible  date. 
Your  Committee,  therefore,  respectfully  invites  your  early  action. 

Respectfully  submitted, 

Arthur  R.  Batlis,  Acting  Chairman 

Stanley  G.  Flagg,  Jr. 

E.  M.  Herr 

Arthur  M.  Houser 

Julian  Kennedy 

E.  A.  Stillman 

A.  S.  VOGT 

W.  M.  White 

Committee  on  Standardization  of 
Flanges  and  Pipe  Fittings 
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No.  1605 

PROPERTIES  OF  AIRPLANE  FABRICS 

Bt  E.  Dean  Walkn,  BO01ON,  Mabb. 
Junior  Member  of  the  Socieiy 

The  author  presents  a  brief  risunU  of  ike  Mttary  of  the  deudopmeni  of  cotton 
airpUme  fabrics  and  discusses  the  methods  of  determining  the  properties  of  airplane 
fabrics,  with  particular  reference  to  the  defining  cf  the  quantiiies  determined,  the 
apparatus  used  and  the  interprettUion  of  the  results  obtained. 

He  then  discusses  a  few  typical  examples  of  satitfaetory  and  unsaiiafaetory 
fabrics.  The  purpose  of  the  paper  is  to  acquaint  the  reader  with  the  fundamentals 
underlying  the  inoestigaiion,  rather  than  to  burden  him  with  the  tiresome  details  cf 
the  actual  experimentation. 

It  is  believed  that  there  is  presented  a  concept  of  textiles  which,  so  far  as  is  known, 
has  been  but  UtSe  considered,  consisting  of  an  analysis  of  fabrics  in  much  the  same 
manner  as  other  more  commonly  krunon  sbmclural  materials  are  studied. 

The  subject  suggests  that  the  investigation  applies  to  a  very  Umiied  doss  qf  fabrics, 
but  many  of  the  fundamentals  discussed  are  applicable  to  the  study  of  many  of  the 
fabrics  used  far  more  familiar  purposes  and  of  more  general  intered  than  airplane 
fabrics. 

T^HE  design  of  heavier-than-air  machines  during  their  early 
stages  of  development  was  arrived  at  by  cut-and-try  methods. 
The  wings  of  such  machines  were  covered  with  plain  cotton  fabric, 
much  the  same  as  an  ordinary  sheeting  material,  coated  with  a  beeswax 
compound  or  some  form  of  glue.  The  wing  surfaces  were  then  rubbed 
and  polished  to  present  a  surface  having  a  comparatively  low  skin 
friction.  Such  a  covering  was  not  very  strong  and  sagged  very  ma- 
terially when  subjected  to  pressure  and  when  exposed  to  weather. 

2  As  the  application  of  science  produced  planes  which  were 
capable  of  much  higher  speeds,  smaller  wing  surfaces,  and  a  con- 
sequently increased  loading  per  square  foot  of  wing  surface,  it  be- 
came necessary  to  cover  them  with  a  material  having  a  high  strength 
and  a  low  weight. 

3  It  was  generally  known  that  flax  spun  into  yams  and  subse- 
quently woven  into  fabrics  produced  a  very  tough  material  having 
little  stretch  and  the  property  of  withstanding  shocks  with  very 
little  permanent  set. 

Presented  at  the  Annual  Meeting,   December   1918,   of   The  Ambbican 
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4  Accordingly,  unbleached  linen  fabric  was  used  to  cover  the 
wings  of  pianos  and  found  to  be  very  satisfactory.  The  structure  of 
the  linon  fabric  is  that  of  an  ordinary  fine  linen  sheeting.  No  at- 
tempts had  l)een  made  to  study  the  requirements  of  the.  covering 
material  or  to  design  a  fabric  meeting  those  requirements  which 
might  possibly  be  lighter  and  more  resistant  than  the  linen  fabrics. 

5  During  the  present  crisis  it  became  evident  that  the  avail- 
able supply  of  linen  would  not  suffice  the  demands  of  the  military 
pn)gramM  of  the  countries  at  war,  and  it  became  necessary  to  find 
materials  which  could  be  used  in  place  of  the  satisfactory  linen. 

6  As  early  as  January  1916  the  Bureau  started  investigating 
the  |X)HHibilities  of  substituting  cotton  for  linen  airplane  fabrics,  and 
found  that  the  general  consensus  of  opinion  among  airplane  manu- 
facturers and  investigators  here  and  abroad  was  that  the  use  of 
cotton  fabric  for  wing  coverings  was  out  of  the  question,  as  many 
ex|)eriments  had  already  been  made  to  substantiate  these 

7  However,  we  were  certain  that  not  all  the  possibilities  of 
turo  of  fabric  had  l)een  considered,  and  we  began  an  investigatioii  to 
study  the  stresses  in  a  fabric  on  a  plane  and  to  thoroughly 
by  actual  measurement  the  properties  of  the  linen  fabric  and  to 
oorixurate  the  desirable  properties  of  the  linen  in  a  cotton 
Huitoil  for  the  purpose. 

8  The  diificultie:}  experienced  in  the  experiments  on 
fabrics  iirevious  to  the  time  of  our  investigations  weie:    («)  mm 
stxcngth  per  vmit  of  weight;    (6)  low  tearing  resiatance;    (c) 
shrinkugt^  u)K>n  application  of  dope;  {d)  little  tendency  to 
littlo  shrinkage  they  had  after  doping. 

0     It  was  not  miUl  March  IS,  1917,  that  we  wen  in  a 
issue  instructions  covering  the  construction  of  cotton 
cx|H'rinu>ntal  fal^rics  which  proved  to  be  quite 
instructions  were  sent  to  the  various  fine-goods  cotton 
supplon\entt\l  by  visits  of  our  textile  experts  to  the 

10  At  the  mills  our  textile  m&k  sat  down  with  the 
and  ovolvixl  the  present  cotton  airplane  fabrics.  At 
wisli  to  mention  the  name  of  Mr.  Ricketson,  agent  of 
Mills,  as  ho  ilid  much  to  make  cotton  fabrics  a  sQeena. 

1 1  The  first  fabrics  of  this  series  were  receiTtd  al  ikr 
or  aU^ut  the  first  cJ  April  1917.  and  as  the  s 
$ug^>stt\l  chaivgets^  and  during  the  eariy  p^rt  of  Mar  IKT  s 
luid  sUiveci^uUy  passed  our  L^rccatorv  ^An<t%niii     IW 
portant  pn.>l>kfn  was  lo  deccfiii=ifr  the  actual 
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fabrics.  To  this  end  samples  were  placed  on  Army  planes  at  Langley 
Field  and  Navy  planes  at  Pensacola  during  August  1917.  Similar 
fabrics  were  later  sent  by  the  Signal  Corps  to  the  Canadian  Aero- 
plane Company,  of  Toronto,  Canada,  and  they  were  placed  on  planes 
the  middle  of  October  1917. 

12  The  results  of  the  service  tests  demonstrated  that  the  fabrics 
were  satisfactory  and  that  service  results  could  be  reliably  pre- 
dicted in  the  laboratory.  In  view  of  this  we  felt  justified  in  modify- 
ing the  structure  of  these  fabrics,  and  in  cooperation  with  Mr.  R.  L. 
Kingston,  then  with  the  Curtiss  Aeroplane  Company,  and  with  Mr. 
A.  R.  Pierce,  of  the  Pierce  Manufacturing  Company,  the  present 
Grade  A  cotton  fabric  was  evolved. 

13  It  was  not  until  August  that  the  military  authorities  were 
becoming  concerned  with  the  scarcity  of  linen,  and  on  or  about  the 
23d  of  August  the  Joint  Army  and  Navy 'Aircraft  Board  called  the 
Bureau  into  a  conference  regarding  cotton  fabrics  for  airplanes,  and 
we  were  able  to  say  with  a  great  degree  of  certainty  that  we  had  a 
fabric  ready  for  their  needs. 

14  On  August  24,  1917,  a  conference  held  between  the  military 
authorities  and  representatives  of  the  Bureau  resulted  in  the  Signal 
Corps  Equipment  Division  orderiiDig  that  the  Bureau  of  Standards 
supply  the  necessary  specifications  covering  the  purchase  of  500,000 
yd.  of  airplane  cotton  fabric.  The  specifications  were  transmitted  by 
the  Bureau  of  Standards  on  September  5,  1917,  covering  the  fabrics 
now  known  as  Grade  A  and  Grade  B  as  used  by  the  Signal  Corps 
and  Navy.  A  few  days  later  the  Bureau  supplied  the  necessary  in- 
formation regarding  the  apparatus  and  methods  of  testing  and 
inspection. 

15  The  Department  of  Agriculture  was  invited  by  this  Bureau 
to  assist  in  further  development,  and  the  experiments  were  started 
during  September  1917,  but  because  of  some  unfortunate  circum- 
stance we  were  unable  to  keep  in  touch  with  the  work.  During 
April  1918  the  Signal  Corps  submitted  samples  which  we  under- 
stood to  be  the  result  of  these  investigations.  They  dealt  with  the 
use  of  the  various  cottons  and  the  experiments  were  very  valuable. 

16  Recently  the  standard  fabrics  were  submitted  to  the  Engh'sh 
airplane  authorities  and  their  conmients  were  to  the  effect  that  the 
results  of  their  tests  were  astonishingly  successful.  Since  that  time 
the  English  have  adopted  the  standard  Grade  A  fabric. 

17  At  the  time  we  were  making  our  field  tests  at  Langley,  the 
Italian  Aviation  Mission  was  there.    One  of  their  planes  was  covered 
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with  a  cotton  fabric  which  they  had  used  successfully  on  the  battle 
front,  and  the  members  of  that  Mission  offered  the  opinion  that  our 
fabrics  were  better  than  their  own  successful  fabric.  It  is  a  peculiar 
thing  that  upon  analysis  this  fabric  differed  but  slightly  from  our 
own  as  far  as  thread  count  and  yam  number  were  concerned.  Here 
were  two  people  working  on  the  same  problems,  on  opposite  sides  of 
the  water  and  having  no  information  regarding  each  other's  work, 
and  the  results  were  practically  the  same. 

18  It  is  necessary  to  determine  the  requirements  which  a  ma- 
terial must  satisfy,  together  with  the  properties  of  the  material  being 
substituted,  before  suitable  substitutes  can  be  found. 

19  This  discussion  treats  of  the  methods  of  determining  the 
properties  of  textile  materials  from  which  may  be  determined  their 
compliance  with  the  requirements  of  airplane  wing  coverings. 

BfETHOD  OF  COVERING  AIRPLANE  WINGS 

20  It  is  thought  advisable  to  discuss  briefly  the  method  of 
covering  airplane  wings  in  order  that  one  may  follow  the  discuasioD 
with  more  interest.  The  frame  of  an  airplane  wing  is  covered  with  a 
fabric '  according  to  one  of  the  following  methods:  The  fabric  is 
sewed  into  a  piece  which  is  wide  enough  to  cover,  and  is  folded  com- 
pletely over  and  imder,  the  wing  frame.  It  is  then  tacked  on  the 
three  open  sides  after  being  stretched  just  enough  to  take  out  the 
wrinkles.  The  raw  edges  of  the  fabric  are  then  sewed  together  and 
the  tacks  removed.  The  other  method  consists  in  making  of  a 
pocket  of  fabric  and  sUpping  it  over  the  frame.  The  open  end  is 
then  tacked  and  sewed  the  same  as  in  the  previous  case.  The  sys- 
tem of  threads  in  the  fabric  may  have  the  following  two  relations  to 
the  major  and  minor  axes  of  the  wing:  The  warp  running  from  the 
''leading  in"  edge  to  the  ''trailing"  edge,  or  parallel  to  the  short  or 
minor  axis  of  the  wing;  or  it  may  be  put  on  such  that  the  warp  is 
at  45  deg.  to  the  axis  of  the  wing.  The  fabric  is  laced  to  the  wing  ribs 
at  intervals  of  about  six  inches.  After  the  fabric  is  on  the  frame,  it  is 
treated  by  means  of  a  brush  with  a  solution  of  cellulose  aoetate  or 
nitrate  with  suitable  stabiUzers,  etc.,  which  is  termed  ''dope."  The 
dope  has  the  property  of  producing  a  tight  drumhead^e  wing 
covering,  which  is  often  attributed  to  the  shrinking  of  the  falmc. 
It  also  serves  to  fill  in  the  interstices  of  the  fabric,  making  a  surfaee 
which  lias  a  coefficient  of  friction  to  air  approximately  equal  to  that 
of  plate  glass.  The  doped  wing  fabric  may  be  considered  as  a 
rectangular  membrane  fixed  at  two  sides  and  supported  on  the  other 
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two  sides  by  the  ribs  of  the  frame,  and  that  the  wing  is  ocmiposed 
of  many  of  these  sections. 


DETERMINATIONS  OF  THE  PB^pSBTIES  OF  ITNDOFBD  FABRICS 

21  Moisture.  The  fact  that  all  fibers,  either  animal  or  vege- 
table, absorb  moisture  in  varying  amounts  is  veiy  well  known.  .  The 
effect  of  the  moisture  absorbed  is*  little  considered  other  than  it 
affects  the  weight  determinations. 

.  22  For  the  purposes  of  this  paper  it  is  suflKcient  to  know  that 
the  physical  properties  change  in  value  with  a  change  in  the  moisture 
content  of  the  specimen,  and  that  the  changes  of  the  properties  of 
the  various  v^etable  fibers  are  very  much  of  the  same  order. 

23  In  view  of  this,  it  is  necessary  to  either  fix  the  moisture 
content  of  the  materials  being  tested,  or  to  expose  ibem  to  a  constant 
and  known  atmosphere.  The  ability  of  a  material  to  absorb  mois- 
ture is  a  distinct  property  of  that  material,  and  any  method  which 
fixes  the  moisture  content  does  not  allow  of  the  accurate  determina- 
tion  of  the  properties. 

24  The  moisture  content  of  the  test  specimens  is  that  absorbed 
by  the  material  when  exposed  to  an  atmoq[>here  of  65  per  cent  rela- 
tive humidity  at  21  deg.  cent,  until  the  moisture  of  the  sample  is  in 
equilibrium  with  that  of  the  atmosphere.  This  condition  of  atmo- 
sphere will  be  considered  in  this  paper  as  a  standard  for  the  accurate 
determinations  of  the  properties  of  textile  materials.  The  amount 
of  moisture  is  found  by  dr3ring  the  sample  to  a  constant  weight  in  a 
ventilated  dr3dng  oven  maintained  ast  a  temperature  of  110  deg. 
cent.,  and  expressing  the  difference  in  weight  from  the  conditioned 

weight  in  terms  of  the  bone-dry  weight.    This  is  commonly  termed 

({       *    ft 
regam." 

25  Weight.  Pieces  of  4  sq.  in.  are  cut  from  various  parts  of  the 
sample  and  weighed  after  exposure  to  the  standard  atmosphere,  and 
the  results  expressed  in  terms  of  weight  per  unit  of  area.  The  com- 
mercial method  of  determining  the  weight  per  unit  of  area  involves 
the  measuring  and  weighing  of  an  entire  roll.  A  casual  consideration 
of  the  two  methods  would  lead  to  the  conclusion  that  the  latter 
procedure  would  give  the  more  satisfactory  result.  However,  the 
tension  during  measuring  is  not  a  constant  or  known  amount.  The 
variation  in  tension  introduces  an  error,  and  the  weights  determined 
by  this  method  usually  run  lighter  than  those  determined  from  the 
small  samples. 

26  Length  of  Yam.    The  length  of  a  yam  is  considered  to  be 
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PROPERTIES  OF  AIRPLANE  FABRICS 

By  E.  Dean  Walen,  Boston,  Mabb. 
Junior  Member  of  the  Society 

The  atUhor  presents  a  brief  rSsumi  of  the  hutary  of  the  deadopmerU  of  cotton 
airplane  fabrics  and  discusses  the  methods  of  determining  the  properties  of  aiirpUme 
fabrics,  with  particular  reference  to  the  dining  of  the  quantities  determined,  the 
apparatus  used  and  the  interpretation  of  the  results  obtained. 

He  then  discusses  a  few  typical  examples  of  satisfactory  and  unsatirfaetary 
fabrics.  The  purpose  of  the  paper  is  to  acquaini  the  reader  wUh  the  fundamentals 
underlying  the  inoestigaHon,  rather  than  to  burden  him  with  the  tiresome  details  of 
the  actual  experimentation. 

It  is  believed  that  there  is  presented  a  concept  of  textiles  which,  so  far  as  is  known, 
has  been  biU  little  considered,  consisting  of  an  analysis  of  fabrics  in  much  the  same 
manner  €U  other  more  commonly  known  structural  materials  are  studied. 

The  subject  suggests  that  the  investigation  applies  to  a  very  Hmited  doss  of  fabrics, 
but  many  of  the  fundamentals  discussed  are  applicable  to  the  study  of  many  of  the 
fabrics  used  for  more  familiar  purposes  and  of  mare  general  interest  ihan  airplane 
fabrics. 

T^HE  design  of  heavier-than-air  machines  during  their  early 
stages  of  development  was  arrived  at  by  cut-and-try  methods. 
The  wings  of  such  machines  were  covered  with  plain  cotton  fabric, 
much  the  same  as  an  ordinary  sheeting  material,  coated  with  a  beeswax 
compound  or  some  form  of  glue.  The  wing  surfaces  were  then  rubbed 
and  polished  to  present  a  surface  having  a  comparatively  low  skin 
friction.  Such  a  covering  was  not  very  strong  and  sagged  very  ma- 
terially when  subjected  to  pressure  and  when  exposed  to  weather. 

2  As  the  application  of  science  produced  planes  which  were 
capable  of  much  higher  speeds,  smaller  wing  surfaces,  and  a  con- 
sequently increased  loading  per  square  foot  of  wing  surface,  it  be- 
came necessary  to  cover  them  with  a  material  having  a  high  strength 
and  a  low  weight. 

3  It  was  generally  known  that  flax  spun  into  yams  and  subse- 
quently woven  into  fabrics  produced  a  very  tough  material  having 
little  stretch  and  the  property  of  withstanding  shocks  with  very 
little  permanent  set. 

Presented  at  the  Annual  Meeting,   December   1918,   of   The  American 
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4  Accordingly,  unbleached  linen  fabric  was  used  to  cover  the 
wings  of  planes  and  found  to  be  very  satisfactory.  The  structure  of 
the  linen  fabric  is  that  of  an  ordinary  fine  Unen  sheeting.  No  at- 
tempts had  been  made  to  study  the  requirements  of  the.  covering 
material  or  to  design  a  fabric  meeting  those  requirements  which 
might  possibly  be  lighter  and  more  resistant  than  the  linen  fabrics. 

5  During  the  present  crisis  it  became  evident  that  the  avail- 
able supply  of  linen  would  not  suffice  the  demands  of  the  military 
programs  of  the  countries  at  war,  and  it  became  necessary  to  find 
materials  which  could  be  used  in  place  of  the  satisfactory  linen. 

6  As  early  as  January  1916  the  Bureau  started  investigating 
the  possibilities  of  substituting  cotton  for  linen  airplane  fabricSi  and 
found  that  the  general  consensus  of  opinion  among  airplane  manu- 
facturers and  investigators  here  and  abroad  was  that  the  use  of 
cotton  fabric  for  wing  coverings  was  out  of  the  question,  as  many 
experiments  had  already  been  made  to  substantiate  these  opinions. 

7  However,  we  were  certain  that  not  all  the  possibilities  of  struc- 
ture of  fabric  had  been  considered,  and  we  began  an  investigation  to 
study  the  stresses  in  a  fabric  on  a  plane  and  to  thoroughly  determine 
by  actual  measurement  the  properties  of  the  linen  fabric  and  to  in- 
corporate the  desirable  properties  of  the  linen  in  a  cotton  fabric 
suited  for  the  purpose. 

8  The  difficulties  experienced  in  the  experiments  on  cotton 
fabrics  previous  to  the  time  of  our  investigations  were:  (a)  low 
strength  per  unit  of  weight;  (6)  low  tearing  resistance;  (c)  little 
shrinkage  upon  application  of  dope;  (d)  little  tendency  to  retain  what 
little  shrinkage  they  had  after  doping. 

9  It  was  not  until  March  18, 1917,  that  we  were  in  a  position  to 
issue  instructions  covering  the  construction  of  cotton  fabrics  for  the 
experimental  fabrics  which  proved  to  be  quite  successful  These 
instructions  were  sent  to  the  various  fine-goods  cotton  miUs  and  were 
supplemented  by  visits  of  our  textile  experts  to  the  miUs. 

10  At  the  mills  our  textile  men  sat  down  with  the  practical  men 
and  evolved  the  present  cotton  airplane  fabrics.  At  this  point  I 
wish  to  mention  the  name  of  Mr.  Ricketson,  agent  of  the  Ponemab 
Mills,  as  he  did  much  to  make  cotton  fabrics  a  success. 

11  The  first  fabrics  of  this  series  were  received  at  the  Bureau  on 
or  about  the  first  of  April  1917,  and  as  the  series  progressed  we 
suggested  changes,  and  during  the  early  part  of  May  1917  a  fabric 
had  successfully  passed  our  laboratory  standards.  The  neict  im- 
portant problem  was  to  determine  the  actual  performance  of  these 
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fabrics.  To  this  end  samples  were  placed  on  Anny  planes  at  Langley 
Field  and  Navy  planes  at  Pensacola  during  August  1917.  Similar 
fabrics  were  later  sent  by  the  Signal  Corps  to  tiie  Canadian  Aero- 
plane Company,  of  Toronto,  Canada,  and  they  were  placed  on  planes 
the  middle  of  October  1917. 

12  The  results  of  the  service  tests  demonstrated  that  the  fabrics 
were  satisfactory  and  that  service  results  could  be  reliably  pre- 
dicted in  the  laboratory.  In  view  of  this  we  fdt  justified  in  modify- 
ing the  structure  of  these  fabrics,  and  in  oodperation  with  Mr.  R.  L. 
Sngiston,  then  with  the  Curtiss  Aeroplane  CcHnpany,  and  with  Mr. 
A.  R.  Pierce,  of  the  Pierce  Manufacturing  Company,  the  present 
Grade  A  cotton  fabric  was  evolved. 

13  It  was  not  until  August  that  the  military  authoritieB  were 
becoming  concerned  with  the  scarcity  of  Hnen,  and  on  or  about  tiie 
23d  of  August  the  Joint  Army  and  Navy 'Aircraft  Board  called  the 
Bureau  into  a  conference  r^arding  cotton  fabrics  for  airplanes,  and 
we  were  able  to  say  with  a  great  degree  of  certainly  that  we  had  a 
fabric  ready  for  their  needs. 

14  On  August  24,  1917,  a  conference  held  between  the  military 
authorities  and  representatives  of  the  Bureau  resulted  in  the  Signal 
Corps  Equipment  Division  orderaifg  that  the  Bureau  of  Standards 
supply  the  necessary  specifications  covering  the  purchase  of  500,000 
yd.  of  airplane  cotton  fabric.  The  specifications  were  transmitted  by 
the  Bureau  of  Standards  on  September  5,  1917,  covering  the  fabrics 
now  known  as  Grade  A  and  Grade  B  as  used  by  the  Signal  Corps 
and  Navy.  A  few  days  later  the  Bureau  supplied  the  necessary  in- 
formation regarding  the  apparatus  and  methods  of  testing  and 
inspection. 

15  The  Department  of  Agriculture  was  invited  by  this  Bureau 
to  assist  in  further  development,  and  the  experiments  were  started 
during  September  1917,  but  because  of  some  unfortunate  circum- 
stance we  were  unable  to  keep  in  touch  with  the  work.  During 
April  1918  the  Signal  Corps  submitted  samples  which  we  under- 
stood to  be  the  result  of  these  investigations.  They  dealt  with  the 
use  of  the  various  cottons  and  the  experiments  were  very  valuable. 

16  Recently  the  standard  fabrics  were  submitted  to  the  Eb[iglish 
airplane  authorities  and  their  conmients  were  to  the  effect  that  the 
results  of  their  tests  were  astonishingly  successful.  Since  that  time 
the  English  have  adopted  the  standard  Grade  A  fabric. 

17  At  the  time  we  were  making  our  field  tests  at  Langley,  the 
Italian  Aviation  Mission  was  there.    One  of  their  planes  was  covered 
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with  a  cotton  fabric  which  they  had  used  successfully  on  the  battle 
front,  and  the  members  of  that  Mission  offered  the  opinion  that  our 
fabrics  were  better  than  their  own  successful  fabric.  It  is  a  peculiar 
thing  that  upon  analysis  this  fabric  differed  but  slightly  from  our 
own  as  far  as  thread  count  and  yam  number  were  concerned.  Here 
were  two  people  working  on  the  same  problems,  on  opposite  sides  of 
the  water  and  having  no  information  regarding  each  other's  work, 
and  the  results  were  practically  the  same. 

18  It  is  necessary  to  determine  the  requirements  which  a  ma- 
terial must  satisfy,  together  with  the  properties  of  the  material  being 
substituted,  before  suitable  substitutes  can  be  found. 

19  This  discussion  treats  of  the  methods  of  determining  the 
properties  of  textile  materials  from  which  may  be  determined  their 
compliance  with  the  requirements  of  airplane  wing  coverings. 

METHOD  OF  COVERING  AIRPLANE  WINGS 

20  It  is  thought  advisable  to  discuss  briefly  the  method  of 
covering  airplane  wings  in  order  that  one  may  follow  the  discussion 
with  more  interest.  The  frame  of  an  airplane  wing  is  covered  with  a 
fabric ' according  to  one  of  the  following  methods:  The  fabric  is 
sewed  into  a  piece  which  is  wide  enough  to  cover,  and  is  folded  com- 
pletely over  and  under,  the  wing  frame.  It  is  then  tacked  on  the 
three  open  sides  after  being  stretched  just  enough  to  take  out  the 
wrinkles.  The  raw  edges  of  the  fabric  are  then  sewed  together  and 
the  tacks  removed.  The  other  method  consists  in  m^tlriiig  of  a 
pocket  of  fabric  and  sUpping  it  over  the  frame.  The  open  end  is 
then  tacked  and  sewed  the  same  as  in  the  previous  case.  The  Bys- 
tern  of  threads  in  the  fabric  may  have  the  following  two  relations  to 
the  major  and  minor  axes  of  the  wing:  The  warp  running  from  the 
'heading  in"  edge  to  the  ''trailing"  edge,  or  parallel  to  the  short  or 
minor  axis  of  the  wing;  or  it  may  be  put  on  such  that  the  warp  is 
at  45  deg.  to  the  axis  of  the  wing.  The  fabric  is  laced  to  the  wing  ribs 
at  intervals  of  about  six  inches.  After  the  fabric  is  on  the  frame,  it  is 
treated  by  means  of  a  brush  with  a  solution  of  cellulose  acetate  or 
nitrate  with  suitable  stabiUzers,  etc.,  which  is  termed  "dope."  The 
dope  has  the  property  of  producing  a  tight  drumhead-like  wing 
covering,  which  is  often  attributed  to  the  shrinking  of  the  fabric. 
It  also  serves  to  fill  in  the  interstices  of  the  fabric,  making  a  surface 
which  lias  a  coefficient  of  friction  to  air  approximately  equal  to  that 
of  plate  glass.  The  doped  wing  fabric  may  be  considered  as  a 
rectangular  membrane  fixed  at  two  sides  and  supported  on  the  other 
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two  sides  by  the  ribs  of  the  frame,  and  that  the  wing  is  composed 
of  many  of  these  sections. 

DETERMINATIONS  OF  THE  PB^pSBTIBS  OF  UNDOFBD  FABBICSB 

21  Moisture.  The  fact  that  all  fibers,  either  animal  or  vege>- 
table,  absorb  moisture  in  varying  amomits  is  veiy  well  known.  .  The 
effect  of  the  moisture  absorbed  is*  little  considered  other  than  it 
affects  the  weight  determinations. 

.  22  For  the  purposes  of  this  paper  it  is  sufficient  to  know  that 
the  physical  properties  change  in  value  with  a  change  in  the  moisture 
content  of  the  specimen,  and  that  the  changes  of  the  properties  of 
the  various  v^etable  fibers  are  very  much  of  the  same  order. 

23  In  view  of  this,  it  is  necessary  to  either  fix  the  moisture 
content  of  the  materials  being  tested,  or  to  expose  them  to  a  constant 
and  known  atmosphere.  The  ability  of  a  material  to  absorb  mois- 
ture is  a  distinct  property  of  that  material,  and  any  method  which 
fixes  the  moisture  content  does  not  allow  of  the  accurate  determina- 
tion  of  the  properties. 

24  The  moisture  content  of  the  test  specimens  is  that  absorbed 
by  the  material  when  exposed  to  an  atmosphere  of  65  per  cent  rela- 
tive humidity  at  21  deg.  cent,  until  the  moisture  of  the  sample  is  in 
equilibrium  with  that  of  the  atmosphere.  This  condition  of  atmo- 
sphere will  be  considered  in  this  paper  as  a  standard  for  the  accurate 
determinations  of  the  properties  of  textile  materials.  The  amount 
of  moisture  is  found  by  drying  the  sample  to  a  constant  weight  in  a 
ventilated  drying  oven  maintained  ait  a  temperature  of  110  d^. 
cent.,  and  expressing  the  difference  in  weight  from  the  conditioned 
weight  in  terms  of  the  bone-dry  weight.  This  is  commonly  termed 
"regain." 

25  Weight.  Pieces  of  4  sq.  in.  are  cut  from  various  parts  of  the 
sample  and  weighed  after  exposure  to  the  standard  atmosphere,  and 
the  results  expressed  in  terms  of  weight  per  unit  of  area.  The  com- 
mercial method  of  determining  the  weight  per  unit  of  area  involves 
the  measuring  and  weighing  of  an  entire  roll.  A  casual  consideration 
of  the  two  methods  would  lead  to  the  conclusion  that  the  latter 
procedure  would  give  the  more  satisfactory  result.  However,  the 
tension  during  measuring  is  not  a  constant  or  known  amount.  The 
variation  in  tension  introduces  an  error,  and  the  weights  determined 
by  this  method  usually  run  lighter  than  those  determined  from  the 
small  samples. 

26  Length  of  Yam.    The  length  of  a  yam  is  considered  to  be 
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that  length  when  the  yam  is  straight  and  under  no  tension.  The 
yam  is  stressed  in  tension  by  equal  incrementa  of  load  and  the 
stretch  readings  are  taken  at  any  particular  load  when  the  increments 
'  of  elongation  per  unit  of  time  a^  small.  The  stretch  is  plotted 
gainst  the  load.  It  has  been  found  that  after  the  fibers  and  the 
yam  have  adjusted  themselves  the  load-stretch  curve  follows  a 
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straight  line.  The  straight-line  portion  of  the  curve  is  extended  to 
intersect  the  sero-toad  coordinate,  and  this  length  taken  to  be  the 
length  of  the  yam  when  straight  and  under  no  tension.  The  ap- 
paratus is  shown  in  Fig.  1.  The  yam  A  is  clamped  at  one  md  in  the 
clamp  B.  The  other  end  supports  the  weight  pan  C.  llie  yam  is 
prevented  from  untwisting  by  the  crosa-ami  D.  The  clip  0  is  aa 
index  mark  to  read  the  changes  in  length  on  the  scale  F. 
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plane  or  line  of  the  material.  These  may  be  divided  into  the  follow- 
ing: (a)  load-stretch  relations;  (&)  tensile  strength;  (c)  restitution 
and  hysteresis. 

32  The  tensibility  properties  are  determined  in  a  testing  ma- 
chine of  the  inclination-balance  type  arranged  to  plot  autographically 
the  stretch  against  the  load.  A  diagrammatic  sketch  of  the  appar- 
atus is  shown  in  Fig.  2.  The  inclination  balance  is  represented  by 
the  pendulum  arm  Ai  and  the  sector  arm  As  which  are  rigidly  con- 
nected and  pivoted  at  the  point  B.  The  principle  is  one  of  balanced 
moments  and  its  theory  needs  no  discussion.  The  load  applied  at  D 
is  read  on  the  scale  C  The  fabric  ctamp  E,  which  may  be  termed  a 
pulling  clamp,  is  operated  up  or  down  at  will  by  hydraulic  pressure 
acting  on  the  bottom  or  the  top  of  the  piston  G  confined  in  the  cylin- 
der F.  The  motion  of  the  balance  arm  revolves  the  drum  K  by 
means  of  the  thin,  narrow  brass  ribbon  N.  The  motion  of  the  pull- 
ing clamp  moves  the  pen  L  along  the  vertical  axis  of  the  drum  by 
the  ribbon  M  and  the  magnifying  pulley  H.  The  pen  is  arranged  to 
make  a  dot  every  second. 

33  Thin,  fiat  ribbons  of  metal  are  used  to  reduce  to  a  Tninimnm 
the  bending  constraint  and  the  friction  of  the  motion-transmitting 
parts.  The  drum  is  set  up  in  cone  ball  bearings,  and  by  reason  of  this, 
together  with  its  lightness  and  frictionless  pen,  the  error  in  the  read- 
ing of  the  weight  is  reduced  to  a  negligible  quantity.  The  pen^noving 
device  need  not  be  so  deUcately  designed,  as  there  is  available  ample 
power  to  operate,  and  the  forces  necessary  to  operate  it  have  no 
effect  on  the  readings,  only  in  so  far  as  they  may  produce'  hjrsteresis 
and  backlash  effects  in  the  system. 

34  The  ribbon  N  is  attached  to  the  arm  Ai  at  a  considerable 
distance  from  the  pivot  point  B  and  the  arm  itself  is  operated  throu^ 
a  very  small  angle.  These  simplify  the  spacing  of  the  load  coordi- 
nates on  the  chart,  as  they  are  equidistant  along  a  horizontal  line 
which  is  cut  by  the  arm  Ai.  It  is  obvious  that  there  must  be  a 
correction  made  for  the  motion  of  the  clamp  D.  This  correction 
is  made  by  placing  a  cojnparatively  rigid  body  such  as  a  piece  of 
steel  in  the  clamps  of  the  testing  machine  and  moving  down  the 
lower  clamp.  The  pen  then  traces  the  correction.  During  this 
operation  the  weight  codrdinates  are  marked  off  on  the  chart. 

35  To  test  the  apparatus  for  backlash  and  hysteresis  the  direc- 
tion of  the  piston  is  reversed  and  the  pen  allowed  to  trace  the  motion 
of  the  top  damp.  If  there  is  no  backlash,  the  two  lineSi  up  and 
down,  wQl  coindde  with  each  other     The  effect  <rf  backlaah  and 
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hysteresis  in  the  recording  apparatus  is  very  important  in  the  deter- 
mination of  the  restitution  and  hysteresis  properties  of  the  material 
being  tested.  It  was  foimd  that  the  apparatus  used  was  practically 
free  from  such  effects.  The  calibration  of  the  chart  for  stretch  is 
made  by  allowing  the  top  damp  D  to  remain  stationary  and  moving 
the  damp  E  a  definite  distance,  noting  the  motion  of  tibe  p&L  This 
type  of  testing  apparatus  gives  fairly  accurate  results  if  operated  at 
slow  speeds,  as  the  inertia  effects  of  the  pendulum  arm  are  very 
pronounced  at  the  higher  speeds  of  operation. 

36  The  tensibility  properties  are  determined  in  the  following 
manner,  which,  it  wiU  be  noticed,  is  a  deviation  from  the  usual 
method:  Samples  of  fabric  are  cut  3  cm.  wide  by  25  cm.  long. 
These  are  ravded  to  2.5  cm.  wide  and  allowed  to  condition.  They 
are  then  placed  in  the  damps  of  the  testing  machine  with  20  cm. 
between  clamps  and  stressed  by  reason  of  tbdr  being  stretched  at 
the  rate  of  13  cm.  per  min. 

37  The  inclination-balance  type  of  testing  machine  is  calibrated 
under  static  conditions  and  operated  lAisa  dynamics  introduce  a 
considerable  error.  Obvioudy  the  inertia  effect  of  the  pendulum 
arm  varies  with  the  type  of  the  material  being  tested.  It  is  neces- 
sary in  investigational  work  to  correct  for  this  error,  or  to  operate 
the  machine  at  such  a  dow  speed  that  the  errors  arising  will  be  neg- 
ligible. 

38  The  tensile  strength  and  load-stretch  relations  are  taken 
directly  from  the  chart.  The  hysteresis  and  restitution  properties 
are  determined  by  stressing  the  fabric  specimen  to  a  certain  load, 
and  relieving  the  stress  in  the  same  manner  as  applying  it.  This 
may  be  repeated  a  niunber  of  times  and  the  results  taken  as  an 
index  of  the  fatigue  properties  of  the  material. 

39  Tearing  Resistance,  TensibUUy  Method.  For  this  particular 
purpose  the  tearing  resistance  is  determined  in  the  following  manner, 
which  is  a  slight  modification  of  the  English  method. 

40  Specimens  25  cm.  wide  and  36  cm.  long  are  clamped  in  the 
testing  machine  with  30  cm.  between  clamps.  Slits  are  cut  at  the 
center  and  perpendicular  to  the  line  of  pull,  and  the  fabric  is  then 
stressed  at  the  rate  of  13  cm.  per  min.  and  the  maTrimum  load  trans- 
mitted recorded.  The  length  of  the  slit  is  plotted  against  the  load 
recorded. 

41  The  mftximnm  length  of  slit  which  may  be  used  with  this 
size  of  sample  is  determined  by  the  proximity  of  the  zone  of  stress 
about  the  tearing  point  to  the  edge  of  the  sample.    The  area  of  this 
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zone  is  easily  determined  by  drawing  a  series  of  lines  parallel  and 
perpendicular  to  the  line  of  pull.  These  lines  will  be  distorted  in  the 
zone  of  stress. 

42  Resistance  to  Uniformly  Distributed  Pressure.  The  material 
is  clamped  over  a  rectangular  container  and  subjected  to  air  pressure. 
The  apparatus  is  shown  diagrammatically  in  Fig.  3. 

43  The  deflection  of  the  center  point  of  the  fabric  is  plotted 
against  the  unit  pressure  under  the  fabric  by  means  of  an  ordinary 
steam  indicator.    The  shape  of  the  deflectefd  surface  is  determined 
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Fia.  3    Apparatus  for  Testxnq  Bursting  Strenoth  of  Cloth 
Under  Uniformly  Distributed  Pressure 


by  measuring  the  vertical  displacement  of  a  series  of  rods  placed  at 
various  points  over  the  surface  and  free  to  move  only  in  the  vortical 
plane. 

44  The  rate  of  flow  of  air  into  the  chamber  under  the  fabric  is 
very  slow  and  is  regulated  by  passing  the  air  which  is  under  a  prw-» 
sure  of  10  kg.  per  sq.  cm.  through  110  cm.  of  l-mm.  tubing.  A  sheet 
of  rubber  dam  is  placed  under  the  fabric  to  prevent  air  leakaga  Con- 
sidering these  precautions,  it  is  reasonable  to  assume  that  there  is  a 
very  uniform  distribution  of  pressure  under  the  fabric.  As  there  is 
practically  a  zero  rate  of  flow  of  air  into  the  indicator,  it  is  reaaonaUe 
to  assume  that  there  is  no  pressure  drop  in  the  conneotiiig  Hue. 


S.  DEAN  WAUEN  519 

45  In  the  surface  formed  by  plotting  the  load-stretch  and  time 
relations  of  a  fabric,  there  is  a  region  where  a  change  in  the  rate  of 
load  application  produces  only  a  slight  change  in  the  tensibQity 
properties  of  the  material.  The  rate  of  load  application  in  this 
apparatus  is  adjusted  by  the  definition  of  the  pressure  and  dimen- 
sions of  the  capillary  tube  in  such  a  manner  that  the  variations  in 
the  load  applications  produce  only  a  very  slight  difference  in  the 
recorded  tensibility  properties  of  the  materiaL 

46  Bursting-Tear  Test.  The  procedure  is  similar  to  that  fol- 
lowed in  the  determination  of  the  resistance  to  unifonnly  distrib- 
uted pressure,  excepting  that  sUts  are  cut  in  the  fabric  at  various 
points  and  the  pressure  necessary  to  start  the  tear  is  recorded  to- 
gether with  the  deflection  at  the  time  of  tear. 

DBTEBIONATIONS  OF  PBOPEBTDBS  OF  DOPED  FABBIC8 

47  Preparation  of  Samples.  The  fabrics  were  stretched  and 
tacked  on  frames  under  a  tension  of  80  gr.  per  cm.  of  width  and 
doped  in  a  room  maintained  at  approximately  65  per  cent  relative 
humidity  at  21  d^.  cent.  The  frames  were  30  cm.  by  30  cm.  Qnside 
dimensions)  for  the  preparation  of  specimens  for  the  determination 
of  tensibility  properties  and  18  cm.  X  61  cm.  for  the  determination 
of  resistance  to  pressure.  The  properties  of  doped  fabrics  were  de- 
termined in  the  same  manner  as  those  of  the  undoped  fabric,' with 
the  exception  that  the  tensibility  specimens  were  cut  to  2.5  cm.  width 
parallel  to  the  line  of  threads. 

48  Properties  of  Dope  Films.  Films  of  dope  were  made  by 
painting  the  dope  on  glass  plates  and  the  films  were  subsequently 
peeled  off  and  determinations  made  of  tensibility  and  resistance  to 
pressure. 

49  Exposure  Tests.  The  fabrics  after  tacking  on  frames  and 
doping  were  placed  on  the  roof  and  determinations  made  periodically 
of  their  physical  properties. 

VALUE   OP  TESTS 

50  The  determinations  of  weight,  yam  size,  crimp,  thread 
count  and  twist  are  made  primarily  to  explain  difference  in  proper- 
ties, and  more  particularly  to  interpret  properties  in  terms  which 
readily  adapt  themselves  to  manufacturers'  conditions.  The  effect 
of  these  values  on  properties  vdH  be  indicated  to  give  the  reader  a 
general  conception  of  these  effects. 

51  The  question  of  identification  of  fiber  has  not  been  discussed. 
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but  the  effect  of  the  different  grades  of  fibers  is  noticeable  when 
passing  from  one  distinct  staple  to  another.  Up  to  the  present 
time  there  have  been  no  satisfactory  methods  of  grading  cotton  otiier 
than  those  which  depend  almost  entirely  upon  the  judgment  of  the 
particular  person.  The  choice  of  fiber  should  be  left,  within  reason- 
able limits,  to  the  manufacturer,  for  the  manufacture  of  textiles  to 
have  definite  properties  is  not  a  mathematically  calculable  process, 
and  the  laboratory  can  only  hope  to  determine  and  indicate  in  a 
general  way  the  effect  of  the  many  variables. 

52  The  relations  between  yam  number,  twist,  threads  per  inch, 
weight,  and  weave  are  apparently  those  which  explain  the  differences 
in  the  physical  properties  of  the  several  fabrics,  and  further  serve  as 
the  most  valuable  maimer  of  designation  of  the  fabrics. 

53  The  ability  of  a  fabric  to  ''take  the  dope"  is  influenced 
almost  entirely  by  the  relations  between  yam  number,  twist,  threads 
per  inch,  weight  and  weave,  and  they  are  practically  the  only  measure 
of  such  a  property.  The  functions  of  the  dope  are  to  produce  a 
reasonably  tight  covering,  to  protect  the  fibers  from  the  influence  off 
the  atmospheric  conditions  and  to  produce  a  windtight  surface. 
In  order  to  perform  these  functions  most  advantageously  it  is  neces- 
sary that  one  or  two  coats  of  dope  penetrate  the  fabric  enou^  to 
thoroughly  protect  the  fiber?  and  to  serve  as  a  necessary  bond  for 
the  subsequent  coats,  which  should  be  more  of  the  nature  of  a  surfiace 
coating.  It  has  been  thought  that  a  yam  made  absorbent  by  chemi* 
cal  treatment  is  more  desirable,  but  when  it  is  considered  that  such 
an  extreme  penetration  of  the  dope  will  produce  a  brittle  fabric,  the 
value  of  such  a  treatment  ia  practically  nothing. 

54  Provided  a  yam  may  be  made  which  has  little  hysteresis 
effect,  it  is  only  necessary  that  a  thin  film  of  dope  surround  Uie  yam. 
This  condition  is  attained  only  at  the  expense  of  overtwisting,  and  its 
object  is  therefore  defeated  by  a  subsequent  loss  of  strength  of  the 
fabric.  From  this  it  is  readily  seen  that  the  dope  serves  a  seoondaiy 
purpose  of  supplying  an  additional  bond  between  the  fibefs.  The 
most  advantageous  condition  of  dope  penetration  into  the  jnra  is 
obtained  by  twist  regulation. 

55  Crimp,  The  crimp  of  the  yam  is  the  largest  determining 
factor  of  the  loadnstretch  relations  of  a  fabric,  particulaily  at  the 
lower  loads  or  under  conditions  of  normal  flight.  This  will  be  dis- 
cussed under  tensibility  properties. 

56  TermbUity  Properties.  The  value  of  tensile  strength  as  a 
measure  of  the  quality  of  an  ordinary  textile  material  has  long  been 
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dopes,  fabric  tightness  is  almost  synonymous  with  life  of  the  dope  or 
fabric. 

62  It  is  believed  that  the  fatigue  properties  of  a  fabric  m&y  be 
related  rather  definitely  to  the  shape  and  area  of  the  hyBtereoB  loop. 
Although  this  phase  of  the  investigation  is  not  entirely  complete, 
the  area  of  the  hystereas  loop  haa  been  used  to  predict  the  fatigue 
properties  of  the  materials  with  a  large  degree  of  success. 

63  The  relative  recoverable  stretch  of  an  airplane  wing  covoing 
is  quite  readily  indicated  from  an  examination  of  the  hystneas  loopa 
of  the  load-etretch  digrams.  It  was  not  int«ided  to  convey  the 
idea  that  aU  degrees  of  wing-covering  looseness  were  equally  dedr- 


FiQ.  4    Typical  Sbt  of  Crup  or  Yarn-Lxnotb 

able,  and  in  the  absence  of  exact  data  on  the  effect  of  fabric  k 

on  lift  and  drift,  the  allowable  lack  of  recoverable  stretch  must  be 

left  to  the  judgment  of  the  investigator. 

64  The  effect  of  the  amplitude  of  the  vibrations  of  a  wing  ooTcr- 
ing  is,  after  a  few  flights,  determined  by  the  recoverable  stretch  of 
the  material,  and  here  again  this  phase  of  the  investigation  is  not 
complete  and  the  magnitude  of  this  property  must  be  left  to  the 
judgment  of  the  investigator. 

65  Tear  Resistaiux,  TenaibHity  Method.  This  method  at  detcr^ 
mining  tear  resistance  has  been  conndered  less  applicable  to  wing- 
covering  materials,  as  the  value  of  the  load-stretch  relati(»i8  is  not 
fully  realized,  and  has  been  superseded  by  the  buisting-teMT  method. 
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68  BurBting-Tear  Test.  This  test,  like  the  bursting  tert,  is  A 
much  better  index  to  relative  factors  of  safety  than  tenaon-tear 
tests.  Questions  of  fabric  reinforcement  and  balance  of  fabric  are 
readily  solved  by  a  careful  interpretation  of  the  results  obtained 
from  such  a  test. 

BESUI/TB  OF  TESTS 

69  It  is  propowd  to  give  typical  examples  of  tests  performed  <m 
satisfactory  and  unsatisfactory  fabrics  in  order  that  the  value  of  the 
testf^  may  be  more  readily  realized. 


70  Length  of  Yam  and  Crimp.  A  typical  set  (A  crimp  or  yam- 
length  readings  is  shown  in  Fig.  4.  It  will  be  noted  that  the  load- 
stretch  relations  follow  a  straight-line  ratio  after  a  particular  ten- 
don is  reached.  It  is  assumed  that  the  yam  has  adjusted  itadf 
after  this  point  is  reached  and  that  if  it  were  not  crimped  the  rdatimta 
would  exist  below  this  point. 

71  Fig.  5  shows  the  crimp  of  an  unwoven  yam  of  coatae  and 
multiple  stmcture.    Consequently  the  yam  and  fibers  are  in  mofe 
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75  This  analysis  su^ests  the  parUcular  part  of  the  manufac- 
turing process  which  should  be  varied  to  produce  the  deaied  shape 
of  curve.  The  part  of  the  curve  below  10  kg,  may  be  varied  by 
changing  the  weave  structure,  stiffness  of  the  yam,  and  more  par- 
ticulariy  tension,  on  the  yams  during  weaving.  The  sum  of  the 
respective  stretches  of  the  warp  and  filling  at  this  point  is  determined 
by  the  weave  structure,  and  the  relative  magnitudes  of  the  respective 
stretches  of  the  warp  and  filling  are  determined  by  loom  tensions. 


Fio.  8    LoaihBtrktcb  Duorajh  of  a  3/SO'b  Uniurckrued  Fabuc 
Doped 

76  Fig.  8  represents  the  load-stretcb  diagram  of  a  3/80's  un- 
mercerized  fabric  doped.  Both  the  warp  and  filling  show  a  dope 
yield  point  between  5  and  10  kg.,  as  is  represented  hy  the  reverBal  of 
the  curvature  of  the  diagram. 

77  The  same  constmction  of  fabric  made  of  merceriied  yam 
is  represented  by  the  load-stretch  diagram,  Fig.  9.  The  filling 
diagram  does  not  show  a  reversal  of  curvature  and  the  elastic  limit 
of  the  dope  will  not  be  exceeded  under  normal  conditions  of  fli^t. 
Service  testa  on  these  latter  two  fabrics  showed  that  the  unmerceriied 
fabric  became  somewhat  mushy  after  a  short  period  while  the  mer^ 
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of  the  fabric  undoped  is  larger  than  that  of  the  dope  fihn.  The 
deflection  of  the  doped  fabric  is  less  than  the  deflection  of  ^ther 
the  fabric  or  the  film.  This  further  substantiates  the  theory  that 
tautness  is  produced  by  the  dope  constraining  the  yarns  in  their 
crimped  condition,  and  that  in  the  standard  fabrics  the  elastic  limit 
of  the  dope  is  not  exceeded.  It  will  be  observed  that  the  cotttm 
fabric  is  capable  of  resisting  more  pressure  than  the  linen,  and  it  will 
have,  therefore,  a  higher  factor  of  safety.  The  fabric  tautness  is 
practically  the  same  as  that  of  the  linen. 


Fio.  10    DEFLEcnoN  OF  Centib  Point  of  Fabbio  Whbk  Sna- 
jE<mD  TO  AiB  Paanma 

81  Tear  Resistance.  From  an  examination  of  the  distortion  of 
the  lines  about  a  tear,  it  is  concluded  that  the  tear  resistaocfl  is  ft 
function  of  the  strength  of  the  individual  yams  and  the  number 
being  stressed.  The  number  of  yams  being  stressed  is  dependent 
upon  the  load-stretch  relations  of  the  fabric  and  the  weave  structure. 
To  illustrate  the  effect  of  doping  and  weave  structure  on  the  tear 
resistance,  let  us  consider  two  fabrics:  (a)  Standard  2/60*8  mwoer- 
ieed,  80  square,  plain  weave;  (&)  2/60's  mercerised  yam,  80  square, 
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very  good  wing  coverings.  Doped  silk  fabrics  are  caused  to  become 
loose  upon  exposure  to  damp  weather,  and  in  many  cases  a  rot 
develops  on  the  inside  of  the  yam.  Both  of  these  objectionable 
features  will  probably  be  overcome  in  the  near  future. 

85  Further  experiments  are  being  conducted  to  determine  the 
properties  of  airplane  fabrics  which  have  to  do  with  the  calculation 
of  the  exact  performance  of  any  fabric  imder  any  assumed  condition 
of  flight,  which  will  include  the  effects  of  various  rib  spacings,  wing 
deflections,  vibrations,  and  the  effects  of  various  fabric  structures. 


DISCUSSION 

Wm.  T.  Magruder  (written).  It  is  requested  that  the  author 
add  to  his  interesting  paper  the  weights,  either  in  ounces  per  square 
yard  or  in  the  equivalent  metric  units,  of  the  linen  and  of  the  two 
cotton  fabrics  to  which  he  refers,  both  with  and  without  dope,  and 
their  tensile  strengths  per  inch  of  width  when  subjected  to  a  direct 
pull,  which  is  the  more  usual  way  of  testing  the  strength  of  fabrics. 

It  is  suggested  that  similar  tests  be  made  of  sheet-metal  fabrics, 
such  as  some  of  the  various  steels,  bronzes,  and  aluminum  aUoys,  to 
determine  their  relative  weights  and  strengths  and  their  desirability 
for  this  use.  Their  stiffness,  resistance  to  being  torn,  ease  of  pro- 
tection from  rusting,  their  not  being  affected  by  the  sun  as  are  air- 
plane fabrics,  and  the  ease  and  cheapness  with  which  they  can  be  laid 
and  repaired  by  the  electric  welding  process,  are  worthy  of  consider- 
ation. 

P.  J.  Freeman  (written).  The  effect  of  dope  on  the  resistance 
to  tearing  seems  to  me  to  l)e  the  most  important  feature  in  connection 
with  the  testing  of  an  airplane  fabric.  That  is,  the  untreated  cloth 
and  the  dope  may  l)e  satisfactory,  yet  when  combined'  the  cloth 
teiiFH  readily.  Would  a  method  similar  to  tearing  a  strip  of  cloth 
iil>out  1  in.  wide  from  a  large  sheet  of  doped  fabric  be  of  value? 

F.  J.  HoxiB  (written).  Soon  after  war  was  declared,  the  Warwick 
Mills  and  Wellington,  Sears  &  Co.,  their  sales  agents,  purchased  ap- 
paratus and  started  two  lal)oratories  for  the  study  of  balloon  and 
airplane  cloth.  The  l)est  of  foreign  yams  and  cotton  was  imported. 
American  yarns  were  purchased  from  spinners  of  highest  repute  and 
exi)erimental  yams  were  spun  at  their  own  spinning  mill.    Many  ex- 
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peiimental  weaves  were  tried,  the  object  being  to  find  the  strongest 
cloth  with  the  least  possible  weight  and  at  the  same  time  with  greatest 
resistance  to  teuing.  It  is  not  necessary  to  go  into  the  details  of  this 
work,  but  a  few  of  the  more  important  fimdamental  principles  inve»- 
tigated  upon  which  depends  the  manufacturing  of  a  strong,  light 
cloth  of  high  tearing  resistance,  and  doping  the  same  to  retain  these 
desirable  qualities,  are  of  interest. 

F^^.  12  is  a  micrograph  showing  a  section  across  the  filling  and 
along  the  warp  of  the  cloth  now  in  use.  Fig.  13  omilarly  shows  a 
section  of  a  cloth  commonly  known  to  weavers  as  a  3  X  3  lAsket 


Fig.  13    Enlarged  Section  or  3  x  3  Babket^Wkave  Cloth 


Vio.  14    Bnlabobd  Section  of  5  X  S'Baskbt-Wbavb  Cloth 

weave  and  Fig.  14  one  of  a  5  X  5  basket  weave.  In  order  to  make  it 
clear  to  those  unfamiliar  with  the  technicalities  of  weaving  how  these 
so-calted  basket  cloths  arc  constructed,  the  5X5  basket  weave  is 
shown  in  Fig.  15  considerably  magnified. 

Airplane  cloth  is  an  unfamiliar  problem  to  weavers.  It  is  to  be 
used  as  a  structural  material  and  therefore  can  be  judged  most  logi- 
cally by  mechanical  principles  commonly  used  by  engineers  in  the 
design  of  bridges  and  other  stnictures.  So  considered,  it  is  to  be 
expected  that  the  straighter  the  tension  members  the  greater  the 
strength,  other'thin^  being  equal.  It  will  be  noted  that  as  the  num- 
ber of  threads  grouped  increases  the  straighter  they  are;  therefore, 
it  is  to  be  expected  that  the  strength  will  increase  with  the  number  of 
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threads  in  a  group  and  with  their  Btnugbtness.  When  tested  on  the 
bursting  machine,  as  described  by  Mr.  Walen,  using  square  speci- 
mens  7  in.  on  the  side,  this  ratio  between  strength  and  straightnen  ia 
found  to  hold  very  exactly.  When  testa  are  made  on  long,  narrow 
strips  on  cloth-testing  machines  in  common  use  and  also  on  long, 
narrow  specimens  in  the  bursting  machine,  the  looseness  of  the  yam 
in  the  direction  opposite  to  the  stress  allows  it  to  become  nearly 
straight  when  it  breaks,  however  crooked  it  is  in  the  cloth. 

The  curves  in  Fig.  16  show  the  actual  results  on  the  bursting  ma- 
chine with  specimens  7  in.  square.    The  actual  recorded  t 


Fio.  16  5x5  Babkbi^Weavs  Cloth  Made  or  BVa  Thhek-Plt  Bi,sachw>  AMD 
Mercerized  Vabn  and  Woven  108  Threads  or  Wabp  and  105  Thkkam  or 
FiLUNo  TO  THE  Inch;  Weight,  5]  Oe.  per  Sq.  Yd. 

have  been  reduced  by  the  ratio  of  the  weights  of  the  cloth,  so  tliat  the 
results  will  be  directly  comparable  assuming  that  the  strength  is  in 
direct  proportion  to  the  weight. 

The  resistance  to  tearing  shown  by  the  basket  weave  is  twice  that 
of  the  plain  weave,  probably  from  two  or  more  causes:  first,  in  tearing 
more  threads  are  stressed  at  once;  second,  the  threads  not  being  bent 
at  such  sharp  angles  by  those  crossing  them,  are  freer  to  more  and 
can  therefore  slide  together,  still  further  increasing  the  number 
stressed.  It  is  also  probable  Ihat  there  is  less  cutting  action  ol  the 
threads  upon  those  crossing  them  after  the  maimer  commonly  en> 
ployed  in  breaking  stout  string  with  the  fingers  l^  cauaing  the  string 
to  cut  itself  in  two. 
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In  the  doping  the  utmost  care  must  be  used  to  r^ulate  the  bond 
between  the  cotton  and  the  dope.  This  can  be  done  to  some  extent 
but  with  somewhat  eccentric  results  by  eonbvUing  tiie  moisture  and 
temperature  of  the  ok  in  tiie  doping  room.  The  ecoentrid^  is  the 
result  of  the  varying  relative  humidity  at  the  surface  (rf  the  cloth 
caused  by  the  changing  of  the  temperature  (tf  the  cloth  by  the  evap- 
oration of  the  solvent.  We  have  found  tiiat  this  coatrol  is  best 
obtained  by  use  of  a  moderately  volatile  material  such  as  kerosene  on 
the  cloth  which  r^;ularly  controls  the  penebation,  thus  Tmunfaiining 
the  high  tear  resistance  of  the  undoped  cloth  and  also  very  much 
improving  and  r^pilating  its  tautness.  The  action  of  Uiis  material  in 
controlling  the  penetration  of  the  dope  is  independent  of  the  aberap- 


Air  Pre*»gr^ftiund8  per  Square  Inch. i 

Fig.  16  GoBVES  SHOwiNa  Relation  Betwezn  DEnxcnoit  and  BimsnNa 
Pbessure  of  Airplane  Ci.oth  in  Use  at  Present  and  Babkbt-Wotxm 
Cloth.    SPEcntENS  7  In.  Square 

tive  qu&lities  of  the  yam,  showing  equally  good  results  on  unbleached 
or  bleached  cotton. 

Tear  tests  were  made  on  a  horizontal  testing  machine  by  cuttii^ 
the  specimens  3  in.  wide  and  placing  them  m  3-in.  jaws  with  1  in.  of 
cloth  between  the  jaws  at  the  front  of  the  machine  and  3  in.  between 
them  at  the  back.  With  this  arrangement  a  force  of  10  lb.  was  re- 
quired to  tear  the  present  airplane  cloth.  A  force  of  15  lb.  waa  re- 
quired to  tear  the  3X3  basket  cloth  and  25  lb.  to  tear  the  5X5 
basket  cloth.  When  the  5X5  basket  cloth  is  doped  in  an  atmosphere 
of  30  per  cent  relative  humidity  without  controlling  medimn  the  tear 
is  reduced  to  10  lb.  and  that  of  a  plain  weave  in  about  the  same  pro- 
portion. With  this  cloth  treated  to  prevent  excessive  absorption  of 
the  dope  the  tear  is  not  materially  reduced.  The  5X5  basket  cloth 
experimented  upon  is  about  30  per  cent  heavier  and  the  3X3  about 
25  per  cent  heavier  than  the  plain  airplane  cloth  at  present  in  use. 
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Vw\\\  (luN  invoHtigation  thus  far  it  is  concluded  that  the  5X5 
Wankot^wtMivo  oloth  ha8  about  50  per  cent  higher  bursting  strength 
with  a  tlollooUiUi  at  tho  naino  pressure  about  25  per  cent  less  and  100 
por  x^mi  hiithor  rt>Kistnmv  to  tearing  than  the  cloths  now  being  used, 
aud  bv  the  ui«e  of  a  suitable  inrntrol  of  penetration,  or  dam,  as  it  has 
b^H^u  oalitHlt  the  tear  rt>sist«uioo  of  any  cloth  as  well  as  its  tautnesB, 
U^  u\uoh  luim^  uniformly'  regulateil  than  is  the  case  with 
praotiiH>» 

Mv\\'\MM  O,  Wmnyi.vN  wn>te  briefly  concerning  the 
\\\M k  \^f  the  \YiUiau\  Whitnwn  V\v,  Inc.,  in  the  sub^tituuon  oc  eottoo 
U'V  Uueu  \u  vvrtHiu  nuiteriak.  Tht^y  b^yan  their  expenmens  kng 
ivu^^v  \\^Uv^t\  fabrie^i  werv  |«»neraU>*  ailojHed  and  Nrfore  acr 
\^t  luH^u  Uvc^nxe  ap|vir\n\t.  arul  fell  that  they  had  decMC2i«cr:k:et 
v^oi v$ v^iH^  >MiVt  KV\x*rii\jj:  tiiateriai  a^  :^Hiabie  as  hneii  cocji  r«e 

l>iv   Vvi^v^.     lu  rv^cevt  :o  l>^?f e!<5?oc  Macnaier'^  va^mirBpniL.  "ae 
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INDUSTRIAL  POWER  PROBLEMS 

Bt  W.  F.  UHLy  Bosioir,  Mabb. 
Member  <rf  the  Sooifity 

In  order  to  ddemdne  the  bnt  wwroe  cf  power  for  on  wduatry^  where  there  ie  a 
choice^  U  is  generaUy  admeabile  to  eonrider  the  rdiabiHty  cf  the  eowree  primarQif  and 
Us  cast  only  a»  a  secondary  matter,  Fud  saving  was  formedy  considered  along  wUk 
the  cost  cf  power,  hut  must  now  he  treated  as  one  of  the  factors  affecting  retioAiKty  ef 
power  andjrom  the  hroad  economical  standpoint  cffuA  conmnatUm. 

It  would  generaUy  he  good  policy  to  purchase  power  %Dhere  this  sowros  is  aeaiUbU, 
esen  if  the  cost  is  somewhat  higher  than  would  he  the  ease  with  power  produced  by  the 
industry,  providing  always  that  (he  purchased  power  is  rdiabte. 

Many  industries  are  confronted  with  situations  where  the  ddenmnatUm  cf  relor 
Uee  reUabiHty  and  cost  are  somewkat  complex.  SuA  a  situaOon  occurs  wksre  an 
industry  owns  or  could  deselop  a  water  power  or  uilere  there  is  a  demand  far  kw' 
pressure  steam  and  hot  water  which  could  he  obtained  as  a  hy-produet  finm  a  si^^ 
power  plant  operated  hy  the  industry  or  vahere  the  steam  power  from  and  a  piant 
would  he  a  hy-product  in  the  production  cf  low-pressure  steam  and  hat  water.  Other 
situations  are  combinations  of  water  power  with  supplementary  power  cf  some  kind, 
trhere  there  is  no  demand  for  low-pressure  steam,  or  where  a  small  water  power  is 
suppUmentory  to  other  sources  of  power.  In  the  latter  case  the  problem  usually  is 
to  make  the  hest  use  of  the  water  power, 

A  number  of  fairly  common  situations  have  been  defined  in  this  paper  and  some 
approximate  data  are  given  to  assist  in  the  determination  of  relative  reHaHnlity  and 
cost  in  each  ease. 

npHE  two  principal  sources  of  power  for  industrial  purposes  at  this 
time  are  steam  and  water-power  plants  owned  and  operated  by 
the  industry,  the  so-called  isolated  plant;  and  the  purchased  electric 
current  from  the  public-service  power  companies,  the  so-called  cen- 
tral plant  or  system. 

2  Where  both  steam  and  water  power  are  used  by  either  the 
isolated  or  central  plant,  the  steam  plant  is  often  supplementary  to 
the  water  power,  although  the  reverse  is  also  often  the  case,  partic- 
ularly in  the  isolated  plant. 

3  The  principal  points  which  must  be  considered  when  pro- 
visions are  to  be  made  for  a  power  supply  for  an  industrial  plant 

Presented  at  the  Annual  Meeting.  December  1918,  of  Thb  Ambbxcan 
SociETT  OF  Mbchanical  EInqineebs. 

537 


538  INDUSTRIAL  POWEB  PBOBLEMB 

are  reliability  and  cost.  The  relative  importance  of  these  two  items 
is  in  the  order  stated  and  for  many  plants  the  last  item  is  compara- 
tively unimportant. 

4  Conservation  of  fuel,  which  until  recently  received  consider- 
ation only  as  an  element  in  the  cost  of  power,  is  now  an  important 
factor  also  from  the  standpoint  of  reliability.  Within  the  last  year 
it  has  become  apparent  that  the  important  thing  is  to  have  power, 
no  matter  from  what  source;  and  within  very  wide  limits,  no  matter 
at  what  cost. 

5  Unfortunately,  it  is  much  more  difficult  to  determine  which  of 
several  sources  of  power  is  the  more  reliable  than  to  determine 
which  is  the  cheapest,  and  it  is  probably  for  this  reason  that  the 
question  of  reliability  is  often  largely  disregarded.  If  it  could  be 
reduced  to  definite  figures,  as  the  question  of  cost  can  be  to  a  fairly 
satisfactory  extent,  it  would  without  doubt  be  more  thoroughly  con- 
sidered. Although  general  claims  are  sometimes  made  that  the 
central  plant  is  more  reliable  than  the  isolated  plant,  or  vice  versa; 
and  similar  claims  are  made  as  to  the  cost  of  power  and  lately  as  to 
their  relation  to  the  conservation  of  fuel,  such  claims  do  not  appeal  to 
the  engineer  conversant  with  these  matters.  He  knows  that  at  best 
they  could  hold  true  only  within  certain  limits.  As  with  so  many 
other  engineering  problems,  very  few  cases  are  alike,  although  there 
may  be  much  similarity. 

RELIABILITY 

6  The  proportionate  cost  of  power  to  the  total  cost  of  the  com- 
modity produced  for  sale  in  most  industrial  plants  is  below  5  per 
cent;  and,  as  already  stated,  reliability  is  of  much  greater  import- 
ance than  cost  when  considering  the  supply  of  power  for  such  plants. 
An  analysis  of  any  power  situation  should  therefore  first  consider 
the  relative  reliability  of  the  various  sources  of  power. 

7  When  considering  reliability  our  first  thought  is  generally 
related  to  shutdowns.  The  loss  due  to  complete  failure  of  power 
supply,  when  translated  into  dollars  per  hour  or  other  time  interval, 
is  one  of  the  uncertain  quantities  which  make  the  question  of  re- 
b'ability  so  difficult  of  solution.  This  loss  is  subject  to  determina- 
tion if  we  make  certain  assumptions.  For  instance,  if  we  have  a 
plant  that  operates  continuously,  the  loss  due  to  a  shutdown  can  be 
directly  calculated  in  terms  of  average  profit,  plus  idle-labor  cost, 
plus  spoiled  stock  in  process,  plus  fixed  charges.  As  most  plants 
do  not  operate  continuously,  the  time  lost  during  shutdowns  can 
generally  be  made  up,  at  least  to  some  extent,  and  the  loss  may  be 
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reduced  to  the  cost  of  labor  only  if  the  nature  of  the  industry  is  such 
that  stock  in  process  will  not  spoil. 

8  Poor  speed  and  voltage  r^ulation  are  causes  of  unreliability  of 
power  supply,  which,  since  they  are  not  so  apparent  as  complete  shut- 
downs, do  not  often  receive  due  consideration,  yet  may  result  in 
important  losses.  Such  losses  are  subject  to  determination  in  terms 
of  reduction  of  output  and  poor  quality  of  product. 

KELATIVB  RBTJABITiTTY 

9  Relative  reliability  is  also  somewhat  indeterminate,  but  there 
are  certain  factors  which  have  an  important  bearing  on  the  subject. 
Ignoring  the  question  of  shortage  of  fuel,  whidi  it  is  hoped  is  only  a 
temporary  problem,  and  assuming  equal  reliability  of  plant,  steam 
power  is  more  reliable  than  water  power,  excepting  in  certain  note- 
worthy cases.  The  chief  sources  of  unreliability  of  water  powers 
are  variability  of  stream  flow,  ice  troubles  and  floods. 

10  Storage  and  development  to  use  only  the  minimum  flow, 
location  as  to  climate,  good  design  or  favorable  natural  conditions 
other  than  climate  and  high  heads,  are  factors  which  make  the  e:^- 
ceptions  where* water  power  is  equally  as  reliable  as  steam  power. 
In  most  cases  water  power  must  be  supplemented  to  some  extent  by 
auxiliary  steam  or  other  source  of  power  to  make  it  equally  as 
reliable  as  steam  power  alone. 

11  Where  the  water-power  plant  is  located  at  some  distance 
from  the  industry  which  uses  it,  the  necessary  transmission  of  the 
power  introduces  another  factor  which  makes  it  less  reliable  than  the 
power  obtained  from  the  steam  plant  located  at  the  industry. 

12  Relative  reliability  as  between  the  power  obtained  from  the 
isolated  plant  and  that  obtained  from  a  central  plant  or  system 
depends  upon  the  following  principal  factors:  (1)  Size  of  plant; 
(2)  reserve  capacity;  (3)  quality;   (4)  transmission. 

13  Size  of  Plant,  Unless  the  central  plant  is  several  times  the 
size  of  an  isolated  plant  of  500  kw.  or  greater  capacity,  it  would  be 
unusual  to  obtain  greater  reliability  because  of  the  factors  which  are 
generally  considered  as  having  a  tendency  to  promote  reliability 
merely  on  account  of  size.  Such  factors  are  design,  quality  of 
supervision,  equipment,  location,  etc. 

14  The  average  1000-kw.  isolated  plant  does  not  receive  the 
attention  in  design,  supervision,  etc.,  that  the  average  10,000-kw. 
plant  does,  but  it  would  be  a  mistake  to  assume  from  this  that 
all  small  plants  are  poorly  designed  or  supervised  or  that  there  are 
no  10,000-kw.  plants  which  are  not  poorly  designed  or  supervised. 
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15  However,  under  average  conditions,  where  the  central  plant 
is  comparatively  large,  superior  reliability  as  to  plant  and  operation 
may  be  assumed,  as  it  is  reasonable  to  expect  that  everything  will 
be  done  in  the  way  of  installing  proper  equipment  and  obtaining 
skiUed  and  spedaUzed  supervision  and  management  which  has  no 
other  duties  to  perform  than  those  of  producing  power.  At  least, 
these  are  the  things  which  one  should  expect  to  find  in  connection 
with  a  large  plant,  and  it  should  be  fairly  easy  to  determine  whether 
they  exist. 

16  Reserve  CapcLcUy.  Reserve  capacity  has  an  important  bear- 
ing on  the  question  of  reliability.  An  isolated  plant  can  be  said  to 
be  thoroughly  reliable  if  it  has  an  installation  such  that  any  one 
unit,  as,  for  instance,  prime  mover,  boiler,  pump,  etc.,  can  be  idle 
and  the  plant  still  carry  the  entire  load.  Such  a  plant  might  consist 
of  two  complete  power  units,  each  capable  of  carrying  the  entire 
load,  and  a  spare  boiler,  or  three  power  units,  any  two  of  which 
could  carry  the  entire  load  if  operated  at  some  overload,  and  a  spare 
boiler. 

•  17  A  central  plant  to  have  equal  reliability  as  to  reserve  capa- 
city must  be  able  to  carry  its  peak  load  at  some  overload  on  about 
75  per  cent  of  its  rated  capacity,  depending  to  some  extent  on  t&e 
number  and  size  of  u|iits  installed.  If  the  isolated  plant  operates 
only  nine  or  ten  hours  a  day  and  is  usually  shut  down  over  Sunday, 
it  can  get  along  with  less  reserve  capacity  than  the  central  plant 
operating  continuously,  as  there  are  more  opportunities  to  make 
extensive  examinations  and  repairs. 

18  Qiudity.  When  speaking  of  quality  of  power,  we  refer  to 
those  characteristics  which  affect  the  speed  and  efficiency  of  the 
motors,  such  as  speed  variation  and  voltage  regulation.  These 
characteristics  of  power  also  affect  bbth  the  quality  and  quantity  of 
the  product  of  many  industries. 

19  In  some  industries  the  uniformity  of  the  product  is  not 
affected  by  speed  variation,  or  it  may  be  unimportant.  The  effect 
on  the  quantity  of  product,  however,  is  more  important  than  is  usually 
realized. 

20  The  efficiency  of  motors  as  affected  by  low  voltage  is  rela- 
tively unimportant,  but  should  also  receive  consideration,  espeoialfy 
if  the  motors  are  fully  loaded. 

21  Speed  variation  is  apt  to  be  less  in  the  average  cmtral  plant, 
due  to  the  larger  amount  of  connected  load  and  its  diversity.  Motors 
which  are  large  compared  with  the  total  load  and  iriueh  carry  a 
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in  a  power  plant  would  bring  additional  profit  to  the  industry  if  in- 
vested in  manufacturing  machinery^  buildings  or  supplies.  The 
management  of  the  industry  could  be  more  specialized  and  conserva- 
tion of  fuel  should  also  be  a  result. 

29  Figs.  1  to  12  (see  pages  553  to  565)  give  the  approximate 
cost  of  steam  power  from  isolated  plants  under  various  cotulitioDS 
and  form  a  basis  to  determine  the  rate  which  it  would  be  policy 
to  pay  for  purchased  power,  taking  all  things  into  consideratioD. 
The  load  factor  in  the  diagrams  is  based  on  the  number  of  hours 
the  plant  is  in  operation. 

SitiuUion  B.  An  indiLStrial  plant  which  has  a  waJCer  power  of  ample 
capacity  to  carry  the  entire  load  a  portion  of  the  iime^  hid  must 
have  auxiliary  power  in  some  form  during  low-^water  periods  and 
has  no  use  for  exhaust  steam  or  hot  water: 

30  The  cost  of  the  auxiliary  power  other  thka  cost  of  fuel  and 
plant  depends  largely  upon  the  following: 

a  Extreme  minimum  stream  flow,  which  determines  the  aiie 
of  auxiliary  plant  required 

b  Variation  of  stream  flow  throughout  the  year,  which  deter- 
mines the  number  of  times  the  auxiliary  plant  must  be 
started 

c  Pondage  available,  which  determines  the  uniformity  of 
demand  on  the  auxiliary  plant  when  in  operation  and 
the  amount  of  banking  of  fires 

d  Completeness  of  water-power  development,  which  deter- 
mines the  proportion  of  the  total  load  to  be  obtained 
from  the  auxiliary  plant 

e  Proximity  of  water  power  to  auxiliary  plant,  which  deter- 
mines the  cost  of  attendance. 

31  If  the  average  output  of  a  water-power  installation  is  1000 
kw.  and  an  auxiliary  steam  plant  of  500  kw.  capacity  is  necessary 
to  furnish  supplementary  power  and  must  develop  25  per  cent  of  the 
total  power  required,  the  load  factor  on  the  auxiliary  plant  will  be 
about  50  per  cent  and  the  cost  per  kw-hr.  of  supplementary  pow^ 
would  probably  be  somewhat  larger  than  power  obtained  troak  a 
straight  steam  plant  of  the  same  size  and  for  the  same  variation  in 
load. 

32  This  is  under  the  assumption  that  no  saving  in  attendance 
will  result.  Some  saving  in  attendance  would  result  under  favorable 
conditions  and  would  probably  make  up  for  the  greats  vaiiablenasB 
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of  load  on  an  auxiliary  steam  plant  than  would  be  the  case  with  the 
average  straight  steam  plant.  Most  problems  coming  und^  this 
situation  can  be  worked  out  in  a  similar  manner.  In  most  cases 
where  auxiliary  power  can  be  obtained  from  a  central  plant  of  some 
size  and  without  extensive  transmission  lines,  it  should  be  possible  to 
purchase  it  at  less  cost  than  it  can  be  produced  from  an  auxiliary 
plant,  as  the  diversity  factor  on  the  large  plant  would  ordinarily 
take  care  of  a  reasonably  variable  demand  without  much  additional 
cost. 

SituaHon  C.  An  industrial  plant  which  has  a  small  water  power ^  of 
insufficient  capacity  to  carry  the  entire  load  at  any  time,  and  has 
no  use  for  either  exhaust  steam  or  hot  water. 

33  Many  industries  were  started  at  a  time  when  steam  power 
was  inefficient  and  costly  and  when  the  demand  for  large  and  con- 
stant sources  of  power  was  not  so  important  as  at  present.  This 
naturally  led  them  to  locate  where  water  power  could  be  developed 
at  small  cost  and  which  would  serve  all  thdr  purposes  for  the  time 
being.  Most  of  these  industries  which  proved  successful  soon  required 
larger  and  more  constant  sources  of  power  than  could  be  obtained 
from  their  local  water  power,  and  in  many  cases  the  water  power 
soon  became  a  very  small  portion  of  the  total  power  required.  Very 
few  of  these  small  water  powers  were  abandoned  where  the  industry 
itself  prospered,  although  in  many  cases  they  would  be  found  to 
operate  at  a  loss  if  all  proper  charges  were  made  against  them.  With 
others  the  use  of  water  for  condensing  and  manufacturing  purposes 
required  the  maintenance  of  dams,  ponds  and  other  structures, 
which  made  it  possible  to  consider  a  large  portion  or  all  of  the  fixed 
charges  against  such  structures  as  were  properly  chargeable  to  other 
parts  of  the  industry  than  water  power,  thus  again  making  the 
water  power  a  profitable  source  of  power. 

34  Electrical  transmission  of  power  has  made  it  possible  to 
utilize  many  of  these  small  water  powers  more  fully,  as  their  use  is 
not  any  more  limited  to  the  machinery  to  which  they  are  mechan- 
ically connected,  but  can  be  used  wherever  power  is  required.  In 
some  industries  where  there  often  is  necessity  for  overtime,  night 
and  Sunday  work  in  some  departments  a  small  water  power  is  val- 
uable to  carry  such  loads  when  it  would  otherwise  have  to  be  carried 
by  a  steam  plant  at  inefficient  part  load  and  at  considerable  cost  in 
attendance.  Most  small  water  powers  require  no  more  attendance 
than  is  necessary  to  start  and  stop  the  turbines.    Still  more  recently 
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the  question  of  fuel  conservation  and  the  shortage  of  fuel  for  steam 
power  has  enhanced  the  value  of  small  water  powers,  both  from  the 
economic  standpoint  of  saving  fuel  and  as  an  insurance  to  an  in- 
dustry possessing  one  that  it  will  have  at  least  a  portion  of  the  power 
required,  independent  of  the  coal  supply. 

35  Such  water  powers  may  be  the  means  of  completing  stock  in 
process  at  a  vital  time,  or  of  filling  valuable  orders,  or  keeping  to- 
gether at  least  a  small  part  of  an  organization  when  other  sources 
of  power  fail. 

36  Unfortunately,  measured  in  the  light  of  improvement  in  the 
art  of  hydroelectric  development  in  recent  years,  most  of  the  existing 
small  water  powers  and  many  larger  ones  are  extremely  inefficient. 
One  of  the  greatest  sources  of  fuel  conservation  exists  in  the  re- 
development of  water  powers  electrically  and  efficiently.  Twenty 
to  thirty  per  cent  more  power  can  frequently  be  obtained  from 
the  same  amount  of  water  and  to  this  must  often  be  added  the  sav- 
ing due  to  electrical  transmission  and  the  saving  in  wasted  water  on 
account  of  the  more  flexible  use  of  the  power.  Even  where  large 
ponds  are  available  the  demand  for  power  and  the  supply  of  water 
cannot  always  be  synchronized  where  the  use  of  the  power  is  limited 
to  directly  connected  machinery,  to  the  same  extent  that  it  can 
when  the  power  is  generated  electrically  and  used  at  will. 

37  It  is  evident  from  the  foregoing  that  the  value  of  these  small 
water  powers  can  no  longer  be  determined  from  a  purely  investment 
standpoint,  in  which  the  cost  of  a  certain  number  of  kilowatt-hours 
produced  by  water  or  by  water  and  steam  is  compared  with  the  cost 
of  obtaining  the  same  number  of  kilowatt-hours  from  a  straight 
steam  plant  or  from  purchased  power.  The  problem  is  more  com- 
plex and  must  include  power  reliability  and  fuel  conservation. 

38  The  cost  of  the  power  required  by  an  industry  other  than 
that  obtained  from  its  own  water  power  in  a  situation  of  this  kind  is 
largely  governed  by  the  same  limitations  that  have  been  mentioned 
under  the  previous  situation.  If  such  additional  power  is  obtained 
from  a  steam  plant  supplementary  to  the  water  power  or  to  which 
the  water  power  may  be  supplementary,  the  size  of  the  steam  plant 
depends  upon  the  extreme  minimum  water  power  available.  The 
load  factor  on  the  steam  plant  depends  upon  the  amount  of  water 
power  available  and  to  some  extent  upon  the  use  made  of  it.  Pond- 
age, if  wisely  used,  will  decrease  the  nize  of  the  steam  plant  required 
and  increase  the  load  factor  under  which  it  operates. 

39  If  the  capacity  of  the  steam  plant  required  to  cany  a  kad 
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independent  of  water  power  is  1000  kw.  and  it  would  operate  at  75 
per  cent  load  factor  under  these  conditions,  this  load  factor  would 
be  reduced  to  50  per  cent  if  the  steam  plant  were  to  be  operated 
with  a  supplementary  water  power  developing  an  average  output  of 
250  kw. 

40  If  the  capacity  of  a  steam  plant  is  1000  kw.  and  it  would 
operate  with  a  load  factor  of  50  per  cent  on  a  24-hr.  basis  without 
water  power,  having  an  average  load  of  250  kw.  for  15  hr.,  the  load 
factor  on  it  on  a  9-hr.  basis  would  be  increased  to  about  85  per  cent 
if  the  water  power  developed  an  average  of  250  kw.  and  carried  all 
the  15-hr.  load. 

41  Many  cases  can  be  similarly  worked  out  and  in  all  of  them 
the  cost  of  the  steam  power  can  be  approximately  determined  by 
reference  to  Figs.  1  to  12  after  the  load  factor  is  determined. 

42  Purchased  power  is  an  advantage  in  many  cases,  particularly 
where  the  ponds  are  small  and  considerably  more  water  power  can  be 
developed  if  the  operation  of  the  supplementary  steam  plant  need 
not  be  taken  into  consideration. 

43  There  is  a  large  field  for  fuel  conservaticm  in  connection 
with  water  powers  attached  to  industries  Which  operate  for  only  2700 
to  3000  hr.  annually.  Esther  reciprocal  relations  should  be  worked 
out  between  such  plants  and  central  plants  or  the  central  plants 
should  lease  the  water  powers  and  furnish  the  lessor  with  the  power 
required  at  a  proper  cost.  The  lessor  could  furnish  the  attendance 
at  very  small  cost  in  most  cases. 

Situation  D.  An  industrial  plant  which  requires  all  or  more  than  aJU 
of  the  heat  which  can  he  made  available  from  a  steamrq)ower  plant 
in  the  form  of  either  low-pressure  steam  or  hot  waier  or  both. 

4A  Many  industries  such  as  paper  and  textile  mills  require  large 
quantities  of  lowrpressure  steam  and  hot  water  in  their  manufacturing 
processes,  and  in  the  colder  parts  of  the  country  some  low-pressure 
steam  is  also  required  for  heating. 

45  In  many  industries  of  this  kind  the  total  demand  for  low- 
pressure  steam  for  manufacturing  and  heating  purposes  is  in  excess  of 
the  steam  required  to  produce  power,  but  there  is  difficulty  in  using 
any  large  quantity  of  low-pressure  steam,  such  as  could  be  made 
available  if  a  steam  prime  mover  of  the  non-condensing  type  were 
used,  because  of  a  lack  of  synchronism  between  supply  and  demand. 
Occasionally,  however,  an  industry  is  found  where  conditions  are 
such,  or  the  process  of  manufacture  can  be  arranged  to  be  such,  that 
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the  practicable  supply  of  low-pressure  steam  can  all  be  used.  The 
demand  need  not  necessarily  be  the  same  as  the  supply  as  long  as  it 
is  always  larger,  as  the  additional  supply  can  easily  be  obtained  from 
the  boilers  by  means  of  an  automatic  differential  reducing  valve  con- 
nected in  between  the  high-  and  low-pressure  steam  mains. 

46  As  nearly  all  industries  require  some  high-pressure  steam  for 
certain  processes,  all  steam  is  generally  made  at  high  pressure  and 
the  pressure  reduced  by  means  of  reducing  valves.  The  only  difference 
between  the  heat  available  from  the  low-pressure  steam  which  has 
passed  through  a  prime  mover  in  producing  power  and  that  which 
has  passed  through  the  reducing  valve  is  the  difference,  if  any,  in 
heat  lost  by  condensation  and  radiation  in  the  two  means  of  pressure 
reduction  and  steam  distribution.  It  is  evident  from  the  above 
that  the  steam-power  cost  in  such  a  case  may  be  comparable  to  the 
cost  of  water  power  obtained  from  a  plant  where  there  are  no  water 
charges,  provided  the  first  cost  of  the  plant  is  about  the  same.  It 
should  be  noted  that  the  cost  of  the  steam-produdng  part  of  the 
steam-power  plant  in  such  a  case  is  not  chargeable  to  power,  as  it 
would  be  required  in  any  case. 

47  In  a  straight  condensing  steam  plant  of  500  kw.  capacity, 
costing  $125  per  kw.  and  operating  with  a  75  per  cent  load  factor 
on  the  basis  of  2700  hr.  yearly  running  time,  the  approximate  total 
cost  of  power  per  kw-hr.  is  2.10  cents  with  coal  at  S8  per  ton.  About 
one-half  of  this,  or  1.05  cents  per  kw-hr.,  is  for  coal. 

48  If  the  same  size  of  plant  were  operating  non-condensing  and 
if  the  cost  of  the  boiler  plant  and  boiler-plant  attendance  were  not 
considered,  the  cost  of  power  per  kw-hr.  would  be  only  about  0.56 
cent,  which  is  approximately  one-half  the  fixed  charges  on  the  total 
steam  plant  and  one-third  the  total  attendance  and  a  small  charge 
for  coal  to  compensate  for  loss  by  radiation.  This  is  admittedly  an 
extreme  case,  but  it  shows  the  limit  which  is  approachable  in  many 
instances. 

Situation  E.  An  industrial  plant  which  can  use  only  a  partian  of 
the  heat  which  could  be  made  available  if  all  power  required  were 
made  by  a  steam-power  plant. 

49  This  is  a  common  situation.  Very  often  the  total  heat 
required  for  manufacturing  purposes  is  in  excess  of  that  which  oould 
be  made  available  from  the  prime  movers,  but  dither  the  demand 
or  supply,  or^both,  are'variable  and  the  situation  cannot  be  devdoped 
to  maximum  efficiency.    In  other  cases  only  a  portion  of  the  beat 
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available  is  required,  which  may  vary  all  the  way  from  the  plant 
which  has  use  for  exhaust  steam  only  for  a  few  months  a  year  for 
building-heating  purposes,  which  may  be  as  low  as  25  per  cent  of  the 
total,  to  the  plant  which  would  properly  come  under  the  preceding 
situation. 

50  Many  combinations  of  prime  mover  and  accessories  are 
possible  to  best  develop  a  given  set  of  conditions,  among  which  are 
the  following: 

a  Simple  non-condensing  engine  or  turbine,  where  the  exhaust 
is  used  either  entirely  as  low-pressure  steam  or  partially 
for  heating  water 

b  Compound  condensing  engine,  where  low-pressure  steam  is 
obtained  from  a  receiver  between  the  high-  and  low-pres- 
sure cylinders  and  where  required  hot  water  may  be 
obtained  from  the  condenser  for  purposes  for  which  it 
may  be  suitable 

c  Condensing  steam  turbine  of  the  extraction  or  bleeder  type, 
where  a  portion  of  the  steam  is  extracted  near  the  low- 
pressiure  end  of  the  turbine.  This  low-pressure  steam 
•  may  be  partially  used  to  heat  water,  or  hot  water  maybe 
obtained  directly  from  the  condenser.  Where  conditions 
warrant  it,  the  condenser  may  be  operated  so  that  it  will 
be  really  a  heater  rather  than  a  condenser  a  great  part 
of  the  time,  heating  water  to  suit  the  demand  by  varying 
the  amount  of  condensing  water  at  a  sacrifice  of  vacuum 
on  the  turbine. 

51  Figs.  13  to  20  (see  pages  566  to  573)  give  the  approxi- 
mate cost  of  steam  power  from  plants  of  500  kw.  and  1000  kw. 
capacity  operated  under  various  conditions  as  to  load  factor  and 
using  25,  50,  75  and  100  per  cent  of  the  low-pressure  steam  available 
from  the  prime  movers.  If  hot  condensing  water  is  used  in  addition 
to  the  low-pressure  steam,  where  only  from  25  to  75  per  cent  of  the 
low-pressure  steam  is  used,  the  power  costs  shown  in  the  diagrams 
will  be  reduced  somewhat. 

52  When  making  comparisons  between  cost  of  power  as  given  in 
Figs.  13  to  20  and  those  given  in  the  diagrams  in  Figs.  1  to  12  for 
straight  condensing  steam  plants,  proper  allowance  should  be  made 
for  the  cost  of  that  portion  of  the  boiler  plant  which  is  not  charge- 
able to  making  power. 

53  For  instance,  a  500-kw.  straight  steam  plant  costing  $125 
per  kw.  would  be  approximately  comparable  with  one  costing  $75 
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per  kw.  if  100  per  cent  of  the  low-pressure  steam,  which  could  be 
made  available,  were  used  for  manufacturing  purposes,  or  with  one 
costing  $100  per  kw.  if  50  per  cent  of  the  available  low-pressure  steam 
were  used. 

54  There  would  be  an  opportunity  for  coal  conservation  as  well 
as  for  financial  gain  in  many  situations  of  this  kind,  if  the  central 
plants  would  take  over  the  isolated  plants  of  such  industries  and  tie 
them  in  with  their  distribution  systems,  operating  them  to  the  best  ad- 
vantage of  all  concerned.  Efforts  directed  toward  such  arrangements 
would  seem  to  lead  to  better  results  than  those  which  are  aimed  at 
shutting  down  isolated  plants  entirely.  A  common  complaint  com- 
ing from  many  industries  is  that  they  are  burning  nearly  or  quite  as 
much  coal  since  shutting  down  their  steam-power  plants  and  pur- 
chasing power  as  they  did  when  nmning  with  steam. 

55  In  large  industrial  plants  which  cover  much  ground,  the  ex- 
pense connected  with  the  installation  of  low-pressure  steam  piping 
of  sufficient  size  to  carry  the  required  amount  of  steam  without 
excessive  pressure  drop  and  the  loss  of  heat  by  radiation  and  con- 
densation will  sometimes  be  such  that  the  use  of  low-pressure  steam 
will  not  be  warranted  if  it  is  to  be  supplied  from  a  single  steam  plant. 
In  such  a  case  it  is  generally  cheaper  to  use  high-pressure  steam  for 
at  least  the  more  remote  parts  of  the  industry,  and  sometimes  for  all, 
and  obtain  the  power  required  from  a  plant  operating  as  a  straight 
condensing  plant  or  by  purchase  from  a  central  plant.  The  use  of 
a  number  of  steam  plants  distributed  to  suit  the  low-pressure  steam 
requirements  would  generally  not  be  warranted  on  account  of  the  ex- 
cessive cost  of  attendance,  dupUcation  of  fixed  losses,  greater  cost  of 
power  installation  due  to  smaller  units,  numerous  buildings,  difficulty 
in  getting  condensing  water  and  delivering  coal,  etc. 

SUuoHon  F.  An  industrial  plant  which  has  a  water  power  of  ample 
capacity  to  carry  the  erUire  load  a  portion  of  the  Hmey  but  must 
have  auzUiary  power  in  some  farm  during  low-water  periods  and 
could  use  all  heal  which  would  be  available  from  a  steam-^power 
plant. 

56  Considered  from  the  standpoint  of  cost  of  power  alone,  the 
cost  of  water-power  development  would  have  to  be  very  low  in  such 
a  case  to  compete  with  the  steam  power  which  is  practically  a  by- 
product of  the  industry. 

57  To  the  cost  of  the  water-power  development  must  be  added 
the  cost  of  the  necessary  auxiliary  plant  to  carry  a  portion  of  the 
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load  during  low-water  periods,  ice  troubles,  backwater,  etc.  The 
cost  of  the  power  is  then  the  total  of  the  fixed  chargeSi  attendance 
and  supplies  for  both  the  watw  power  and  auxiliary  plant,  plus  the 
net  cost  of  the  power  produced  by  the  auxiliary  plant.  The  die  of 
the  auxiliary  plant  and  the  extent  of  its  output  would  depend  upon 
the  factors  already  discussed  under  Situation  B. 

58  The  only  conservation  of  fuel  would  result  from  the  difference 
in  saving  in  the  10  to  20  per  cent  heat  loss  by  radiation  in  producing 
the  by-product  steam  power  from  the  continuously  operating  steam 
plant  and  the  auxiliary  plant.  There  would  be  some  additional 
saving  of  fuel  in  case  of  overtime  work  if  the  water  power  should 
make  it  possible  to  shut  down  the  steam  plant  when  it  would  other- 
wise run  under  uneconomical  conditions. 

59  The  problem  under  this  situation  is  generally  to  arrive  at  the 
cost  of  investment  which  would  be  warranted  to  develop  a  water 
power. 

60  The  diagrams  can  be  used  to  arrive  at  approximate  results  as 
follows: 

Problem  1 .  Determine  the  permissible  water-power  development 
cost  to  arrive  at  the  same  yearly  cost  of  power  that  would  result 
from  a  steam  plant  operating  alone,  the  details  being  as  follows: 

(a)  Steam  Plant 

1  Size  of  plant,  1000  kw. 

2  Load  factor,  75  per  cent 

3  Use  of  low-pressure  steam,  100  per  cent 

4  Cost  of  plant  chargeable  to  power,  $50  per  kw. 

5  Cost  of  coal,  $6  per  ton 

6  Operating  time,  2700  hours  yearly. 

61  From  Fig.  20  the  cost  of  power  per  kw-hr.  would  be  approx- 
imately, 0.52  cent.  The  total  yearly  cost  would  be  1000  kw.  X  0.75 
X  2700  hr.  X  $0.0052  =  $10,530. 

(6)  Water-Power  Plant  with  Auxiliary 

1  Size  of  plant,  1000  kw. 

2  Size  of  auxiliary  plant,  500  kw. 

3  Load  factor  on  auxiliary  plant,  50  per  cent 

4  Use  of  auxiliary-plant  low-pressure  steam,  100  per  cent 

5  Cost  of  auxiliary  plant  chargeable  to  power,  $75  per  kw. 

6  Cost  of  coal,  $6  per  ton 

7  Operating  time  of  auxiliary  plant,  1360  hours  yearly 

8  No  overtime  running  of  water  power. 
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62  From  Fig.  16  the  cost  per  kw-hr.  of  supplementary  steam  power 
would  be  about  0.96  cent.  The  total  yearly  cost  of  supplementary 
power  would  be  500  kw.  X  0.50  X  1350  hr.  X  $0.0096  =  $3240. 

63  To  break  even,  the  yearly  cost  of  water  power  could  then  be 
$10,530  -  $3240  =  $7290. 

64  If  the  cost  of  attendance,  ^il,  waste  and  supplies  is  $2500, 
there  remains  $4790  to  pay  fixed  charges  on  the  water-power  invest- 
ment. If  fixed  charges  are  10  per  cent  the  investment  could  be 
$47,900,  or  at  the  rate  of  $47.90  per  kw.  The  price  of  coal  makes 
very  little  difference  in  a  situation  of  this  kind. 

Sitriotion  G,  An  industrial  plant  which  hxia  a  waJter  power  of  ample 
capacity  to  carry  the  entire  load  a  portion  of  the  Hme^  hvJL  mutt 
have  aitxiliary  power  in  some  form  during  lovywater  periods  and 
could  u^e  only  a  portion  of  the  heat  which  would  he  available  from 
a  steam-power  plant. 

65  This  situation  presents  practically  the  same  problem  as  the 
preceding  one.  The  expenditure  on  water  power  which  could  be 
made  to  arrive  at  the  same  yearly  cost  of  power  as  that  made  with  a 
steam  plant  alone,  would  depend  upon  the  extent  of  use  of  low-pres- 
sure steam  and  hot  water  and  the  auxiliary-plant  cost  and  power 
required  from  it. 

66  In  the  case  of  large  industries  where  the  distribution  of  low- 
pressure  steam  is  expensive,  the  auxiliary  plant  can  sometimes  be 
located  near  the  point  of  greatest  use  of  low-pressure  steam  and 
the  balance  of  manufacturing  and  heating  steam  distributed  at  high 
pressure.  Hot  water  can  more  easily  be  distributed  over  large  areas 
than  low-pressure  steam.  Very  often  the  question  of  condensing- 
water  supply  and  coal  delivery  will  dictate  the  location  of  the  auxiliary 
plant,  with  the  result  that  all  manufacturing  and  heatmg  steam  is 
distributed  at  high  pressure. 

'  67    The  diagrams  can  be  used  to  arrive  at  approximate  results  as 
follows: 

Problem  2.  Determine  the  permissible  water-power  devdop- 
nient  cost  to  arrive  at  the  same  yearly  cost  of  power  that  would 
result  from  a  steam  plant  operating  alone,  the  details  bdng  as  follows: 

(a)  Steam  Plant 

1  Size  of  plant,  1000  kw. 

2  Load  factor,  75  per  cent 

3  Use  of  low-pressure  steam,  25  per  cent 

4  Cost  of  plant  chargeable  to  power,  $125  per  kw. 
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5  Cost  of  coal,  $8  per  ton 

6  Operating  time,  2700  hours  yeatly. 

68  From  Fig.  17  the  cost  per  kw-hr.  would  be  approximately 
1.96  cents.  The  total  yearly  cost  would  be  1000  kw.  X  0.75  X  2700  hr. 
X  $0.0196  =  $39,690. 

(6)  Water-Power  Plant  with  AtucUiary 

1  Size  of  plant,  1000  kw. 

2  Size  of  auxiliary  plant,  500  kw. 

3  Load  factor  on  auxiliary  plant,  50  per  cent 

4  Use  of  auxiliary-plant  low-pressure  steam,  50  per  cent 

5  Cost  of  auxiliary  plant  chargeable  to  power,  $100  per  kw. 

6  Cost  of  coal,  $8  per  ton 

7  Operating  time  of  auxiliary  plant,  1350  hours  yearly 

8  No  overtime  running  of  water  power. 

69  From  Fig.  14  the  cost  per  kw-hr.  of  suppl^otientary  steam 
power  would  be  about  2.14  cents.  The  total  yearly  cost  of  sup- 
plem^tary  power  would  be  500  kw.  X  0.50  X  1350  hr.  X  $0.0214 
=  $7222.50. 

70  To  break  even,  the  yearly  cost  of  the  water  pow^  could  then 
be  $39,690  -  $7222.50  =  $32,467.50. 

71  If  attendance,  oil,  waste  and  supplies  cost  $2467.50,  there 
remains  $30,000  which  can  be  applied  to  the  water-power  develop- 
ment as  £bced  charges. 

72  With  10  per  cent  fixed  charges  an  investment  of  $300,000 
would  be  warranted.    This  would  be  at  the  rate  of  $300  per  kw. 

73  With  coal  at  $5  per  ton  and  other  conditions  remaining  the 
same,  an  investment  of  only  about  $225  per  kw.  would  be  warranted. 

Situation  H.  An  inditstrial  plant  which  has  a  small  water  power,  of 
insufficient  capacity  to  carry  the  entire  load  at  any  time,  and 
which  woxdd  have  use  for  aU  heat  made  amilable  by  a  steam-power 
plant  at  all  times. 

74  Most  small  water  powers  operating  under  the  above  con- 
ditions would  show  a  loss  if  all  proper  charges  were  made  against 
them.  The  probability  of  making  a  water  power  of  this  kind  pay 
for  itself  lies  in  its  possible  operation  for  overtime  work  and  in  carry- 
ing a  part  of  the  load  in  case  of  breakdown  of  the  steam  plant  or  in 
case  of  shortage  of  fuel. 

75  A  pond  of  some  size  and  electrical  development  increase  the 
possibilities  of  advantageous  use  of  such  small  water  powers  under 
the  above  situation. 
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76  Conservation  of  fuel  would  result  from  the  use  of  the  water 
power  for  overtime  work,  if  Ihe  steam  plant  could  be  completely  shut 
down  during  such  times. 

CONCLUSIONS 

77  Reliability  of  power  supply  is  of  much  greater  importance  to 
the  average  industry  than  the  cost  of  power.  If  the  cost  of  power 
were  doubled,  it  would  be  hardly  noticed  on  the  balance  sheet  of 
many  industries,  but  shutdowns  and  speed  drop  or  variation  of  speed 
may  make  a  decided  difference. 

78  Cost  and  reliability  being  nearly  equal,  it  would  ordinarily 
be  policy  to  purchase  power  where  available.  If  the  central  plant 
from  which  the  power  is  purchased  is  relatively  large  and  has  a  fair 
load  factor,  this  would  tend  toward  fuel  conservation. 

79  Where  an  industry  requires  considerable  heat  for  manufac- 
turing and  heating  purposes,  power  can  generally  be  made  cheaper 
than  it  can  be  purchased,  and  fuel  would  also  be  conserved  by  making 
rather  than  purchasing  power  in  such  a  case. 

80  Water  power  owned  by  an  industry  in  many  cases  bears  the 
same  relation  to  it  as  does  purchased  power.  If  it  is  located  at  the 
industry  it  is  often  a  form  of  reliability  insurance  to  maintain  a  water 
power,  even  if  there  is  no  apparent  saving  due  to  its  use.  Water 
powers  that  save  coal  should  be  maintained  in  any  case,  and  there  h 
a  splendid  opportunity  to  save  fuel  by  redevelopment  of  inefficient 
water  powers. 

81  There  exists  a  field  for  fuel  conservation  and  financial  gain 
for  both  central  plant  and  industry,  in  the  possibility  of  isolated- 
plant  operation  by  the  former.  In  the  case  of  water  powers  owned  by 
industries  running  only  eight  and  m'ne  hours  a  day,  the  saving  is  of 
decided  importance.  Under  certain  conditions  the  saving  which 
would  result  from  central-plant  operation  of  isolated  steam  plants  is 
also  considerable. 
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DIAGRAMS    GIVING    APPROXIMATE    COST    OF    STEAM 

POWER   FOR   PLANTS  OF   DIFFERENT  CAPACITIES 

OPERATING   UNDER  CERTAIN   STATED 

CONDITIONS 

For  References  to  the  Illustrations,  see  Pars.  S9  and  51 

of  the  Paper 
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Co&tof  Cool  per  Ton  of  2000  Lb.,  Dollar*. 
Approximate  Cost  of  Stbah  Powrr  fboh  GOO-Kw.  Isolaisd 
Plant  Runniko  2700  Hk,  Yearlt 


Co&t-  of  Coal  per  Ton  of  2000  Lb./ Dollars. 
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Coo+ofCoal  perTon  of  2000  Lb,  Dollors., 
Approxiuati  CoeT  or  Steam  Powxr  fbom  1000-Kw.  Isoiaikd 
Plant  JtuNNiNo  2700  Hr.  Ybaxlt 


Cos-t  erf  Coal   per  Ton  of  2000  Llx,  Dollors. 

Approxiuatb  Cost  of  Steam  Powbe  pbou  1000-Kw.  Isolated 
Pi^NT  RcNNiNO  8760  Hm.  Yearly 
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400  5.00  6.00  700  tOO  EDO  Ml4 

Coattjf  Coal  p«rTon  of '2000  Lb-,Dotlor&. 

Approximate  Cost  of  Stbau  Power  rRou  2000^W.  Isolated 
Plant  Rdkning  2700  Mr.  Yearly 


1 
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Coat  <jf  Coal  per  Ton  of  2000  Lb.,  Dollars. 

Fta,  6     Approximate  Cost  op  Steam  Powxb  fboh  2000-Ew.  Isolated 
Plant  RnNNiNO  8760  Hb.  Yeaklt 
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Coef-  erf  Coal  per  Ton  of  2000  Lb,,Oollar«i, 

B  Cost  or  Steam  Powbr  from  3000-Kw,  Isolatbd 
Punt  Udnnino  2700  Hr.  Ybablt 


3.00  fOO  5.00  6.00  TOO  BOO  ftOO 

Co&l- o-f  Coal   per  Ton   of  2000  Lb.,  Dollars. 
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Coat  of  Coal  per  Ton  of  2000  Lb.,  Oollarft.  , 

I'm.  0     Ari>KOXiH\TE  Cost  of  Steak  Power  ritoii  4000-Kw.  Icolated 
1*LANT  HvNsiNo  2700  Hr.  Yeably 
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Coat  of  Coal  par  Ton  ot  2000  Lbv,  Dollars. 

Fio.  10    Approximate  Cost  or  Steau  Power  from  4000-Kw.  Iboiated 

Plant  Runnino  8760  Ha.  Ybablt 
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Co*+  of  Coal  per  Ton  <xf  2000  Lb.,C>ollaPe. 
Ai'PROxniATF.  Cost  ok  Steam  Power  from  SOOO-Kw.  Ibolamd 
Plant  Runsino  2700  Hr.  Veari-y 
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Coftt  of  Coal  per  Ton  erf  2000  Lb.,  Dollars. 

Flo.  13    Approuiiate  Cost  or  Steam  Power  from  5000-Kw.  Isolated 
Plant  Ronotno  8760  Hr.  Yeablt 
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Co»t  of  Cool  per  Ton  o*  2000  Lb.,  Dollara. 


TCAU  I'owKR  pRou  500-K,w.  Punt  Rdkkinu 

n  25  I'KK  Cknt  ok  tub  Low-Pressche  Steam 


Co»+  of  Coal  per  Jon  of  2000  Lb. ,  Dollars. 
FiQ.  14    Approximate  Cost  or  Steah  Powxb  fbou  500-Kw.  Fl&nt  RumnNO 
2700  Hr.  Yearly  and  UaiKO  50  Per  Cent  of  tbe  Low-Prbsbcbb  Stbam 
Available 
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Co&t  of  Coal  per  Ton  of  tOOO  Lb.,  Dollar*. 

u.  15    Apphoxuiate  Cost  op  9teau  Power  from  500-K«.  Pumt  RumoMa 

2700  Hr.  YniRLY  4nd  Ubino  75  Per  Cbnt  ok  the  Low-Prbmurc  Stsau 


Cost  of  Coal  per  Ton  of  ZOOOLb.,  Oollar*. 

Fig.  16    Approximate  Cost  of  Steau  Poweb  fbou  500-Kw.  Plant  Runkinc 
2700  Hr.  Ve.uily  and  Usinq  100  Per  Cent  or  the  Low-PsBSBnitB'  Steam 

AVAUABLE 
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Cost  0+ Coal  per  Ton  of  2000  Lb,,  Dollars. 

i.  17    Ai-Fi(OxiuATii  Cost  of  Steam  Power  from  1000-Kw.  Plant  RomnMa 
2700  Hh,  Veahly  asd  Usino  25  Pkk  Cent  of  the  Low-Pb»bum  Sikam 

AvAUJlMLV. 
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Co&t  of  Cool    perTon  of  2000Lb.,0oHor«. 


Fig.  18  Approxiuatb  Cost  of  Steah  Power  from  1000-Ev.  Pl&mt  Rdnnino 
2700  Hr.  Yearly  and  Ubinq  50  Per  Cent  or  the  Low-Prbbbube  Stkau 
Available 
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Co6t  of  Coal  perTon  of  2000  Lb, Dollars. 

Fia.  19  ApFHOxtHATE  Cost  of  Steau  Power  rROH  lOOO-Kw.  Plant  RuNNOrs 
2700  Hr.  Yearly  and  Using  75  Per  Cent  or  the  Low-pRxaanBB  Stbam 
Available 


Co&t  of  Coal  per  Ton  of  2000 Lb.,  DoHare. 


ViQ.  20  Approximate  Cost  op  Steam  Powbb  fko 
2700  Hb.  Yearly  and  Usino  100  Per  Cent  o 
Available 
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DISCUSSION 

Wm.  S.  Aldrich  (written).  A  careful  examination  of  Figs.  13  to 
20  of  the  paper  showing  the  cost  of  power  per  kilowatt-hour  at 
various  load  factors  and  using  some  proportionate  part  of  the  low- 
pressurfe  (exhaust)  steam  for  heating  purposes,  reveals  four  quite 
distinct  applications.  These  have  particular  reference  to  the  deter- 
mination of  economic  operating  conditions  for  a  given  plant.  That 
is,  for  given  capacity  of  plant,  cost  per  kilowatt  of  installation,  run- 
ning time  per  annum,  and  cost  of  coal  per  ton.  These  may  be  con- 
sidered the  fixed  quantities  with  which  one  has  to  deal  in  comparative 
studies  of  operating  costs.  The  load  factor  and  percentage  of  low- 
pressure  steam  for  heating  may  likewise  be  considered  the  variables. 
Thus: 

1  Concentrated  vs.  Subdivided  Power  Generation.  Suppose  the 
peak  load  to  be  about  5000  kw.,  and  the  operating  conditions  such 
as  to  give  a  load  factor  of  al)out  75  per  cent.  Assume  cost  of  plant 
at  $75  per  kw.,  coal  at  i$6  per  ton,  and  a  running  time  of  2700  hr. 
per  annum.  Of  the  numl)er  of  combinations  of  generating  units 
possible,  which  is  the  most  desirable,  or  most  economic  in  continu- 
ous operation,  with  a  load  that  may  range  from  50  per  cent  to  100 
per  cent  of  the  installed  capacity;  and  with  or  without  steam  heat, 
if  district,  plant,  or  other  heating  may  be  guaranteed?  Quickly  to 
illustrate,  take  an  extreme  case: 

One  5000-kw.  unit,  condensing,  will  generate  power  under  the 
above  conditions  at  a  cost  of  1.2  cents  per  kw-hr. 

Ten  500-kw.  unit«,  condensing,  will  bring  the  cost  up  to  1.60 
cents  ix'r  kw-hr.  Rut  if  the  exhaust  steam  is  used  for  heating,  we 
have  rapidlj'  decreasing  cost  of  the  power  production,  according  to  its 
proportionate  use,  as  follows: 

Per  cent  of  low-preteure  staam  available: 25  50  7S  100 

Ctwt  par  kw-hr.  cents 1  55  1.12  l.tt  0  07 

Hate  of  decreaaing  coat  of  power,  centa 0.23  0.30  O.IS 

Clearly  there  is  some  reasonably  fixed  percentage  of  utiliiation 
of  the  exiiaust  steam,  under  the  given  conditions,  which  renders  the 
lK)wer  cost  of  the  sulnlivided  (5()0-kw.)  units  the  same  as  that  of  the 
single  5(K)0-kw.  unit;  that  is,  at  rate  of  1.20  cents  per  kw-hr.  In- 
terpolating, this  is  found  at  al)out  GO  per  cent  utilization  of  the  low- 
pn'ssure  steam  for  heating.  IjCSs  tlian  this  percentage  would  pfove 
unprofitable;  greater,  shows  increasing  economy,  even  to  the  point 
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of  reducing  the  power  cost  to  56  per  cent  of  its  value,  for  the  large 
single  unit.  Similarly,  a  detailed  study  may  be  made  at  50  per  cent 
and  at  100  per  cent  load  factors. 

2  Load  Factor  vs.  Steam  Heating.  Is  there  any  relation  between 
varying  load  and  the  steam-Jieat  requir^nents  which  shows  that 
operating  conditions  may  obtain  which  result  in  equal  power  costs 
or  a  sliding  scale  of  costs,  according  to  their  respective  demands? 

For  convenience  of  illustration,  assume  a  1000-kw.  plant  costing 
at  rate  of  $75  per  kw.  installed,  with  running  time  of  2700  hr.  per 
annum,  and  cost  of  coal  at  $6  per  ton.  The  following  summary 
from  the  curves  of  Mr.  Uhl's  paper  gives  at  once  the  data  for  such 
sliding  scale  of  operating  costs: 


Cost  of  Pbwer  per  Kw-Hr.,  Coots 


Lewd  Factor. 
Per  Cent 

CoDdenaang 
(straicht) 

At  Per  Cent  Low-Pwure  Steam  Available: 

25 

50 

75 

100 

50 

1.03 

1.83 

1.61 

1.34 

O.M 

75 

1.48 

1  42 

1.28                     O.M 

0.65 

100 

124 

1.22 

1.13 

0.08 

0.53 

With  an  additional  25  per  cent  income  from  steam  heating  there 
is  even  a  little  less  power  cost  at  full  load  than  when  running  condens- 
ing. The  even  conditions  almost  prevail  at  75  per  cent  load  factor 
with  50  per  cent  steam  heating,  and  at  50  per  cent  load  factor  with 
75  per  cent  steam  heating.  The  maximum  economy  is  reached  at 
100  per  cent  load  with  all  low-pressure  steam  used  for  heating;  or 
about  40  per  cent  of  the  cost  of  power  under  such  full-load  conditions 
compared  ^^ith  that  running  condensing  alone. 

3  Influence  of  Steam  Heating  upon  Power  Costs  at  Given  Load. 
An  examination  of  the  last  line  of  the  preceding  table  shows  that 
there  is  not  much  gain  in  economy  under  the  given  conditions  until 
alx)ut  50  per  cent  or  more  of  the  low-pressure  steam  is  used  for  heat- 
ing. Beyond  this  there  is  rapid  decrease  in  cost  of  power.  A  similar 
analysis  for  a  500-kw.  plant  shows  a  less  range  of  uneconomic  oper- 
ation; that  is,  there  is  verj-  little  gain  from  the  low-pressure  steam 
heating  till  somewhat  over  a  third  of  it  comes  to  be  so  utilized.  With 
larger  units  this  uneconomic  range  will  naturally  extend  toward  the 
complete  use  of  the  available  low-pressure*steam. 


576  INDUSTRIAL   POWER  PROBLEMS 

4  Influence  of  Cost  of  Coal  upon  Power  Costs  with  Steam  Heat. 
In  Par.  64  Mr.  Uhl  states  that  for  the  case  assumed  in  the  problem 
the  cost  of  coal  makes  very  little  difference.  This  is  markedly 
shown  in  Figs.  16  and  20,  for  the  100  j^er  cent  of  low-pressure  steam 
available,  by  the  very  slight  slope  of  the  cost  lines  for  quite  a  wide 
range  of  coal  costs  —  from  $3  to  $10  per  ton.  But  there  is  a  sig- 
nificant maximum  difference  of  cost,  however,  within  this  range  for 
the  various  percentages  of  low-pressure  steam  available.  It  may 
be  illustrated  as  follows,  assuming  a  1000-kw.  plant,  costing  $75  per 
kw.  installed  and  a  running  time  of  2700  hr.  per  annum: 


Per  cent  of  low-pressure  steam  available None     i        25  50  75  100 

Cost  per  kw-hr.  with  coal  at: 


None 

25 

50 

1.70 

1.70 

1.62 

0.87 

0.84 

0.72 

0.83 

0.86 

0.90 

(a)  $10  per  ton 1.70  1.70  1.62  1.01  0.61 

(6)  $3  per  ton 0.87  0.84  0.72  0.61  0.46 

Cost  difference  per  kw-hr..  cents 0.83      i      0.86  0.90  0.40  0.15 


Plotting  these  values  as  usual,  or  otherwise  examining  their  relations 
by  differences,  it  will  be  seen  that  the  maximum  difference  occurs 
at  about  50  per  cent  use  of  the  available  low-pressure  steam.  Until 
this  point  is  reached  there  is  only  a  very  slight  gain  in  economy  with 
the  coal  at  $10  per  ton;  and  a  little  better  economy  is  shown  with  the 
coal  at  $3  per  ton.  For  the  lack  of  a  more  expressive  term  we  have 
called  this  the  *'  uneconomic  range  "  of  the  heating  use  of  the  low- 
pressure  steam. 

Beyond  the  50  per  cent  utilization,  however,  there  is  very  marked 
increase  in  economy  of  the  steam  heating,  with  the  coal  even  at 
$  10  per  ton,  but  less  increase  of  economy  with  the  coal  at  $3  per  ton. 
It  would  be  trite  to  say,  again,  as  usual,  that  the  higher-priced  coal 
shows  greatest  gain  in  economy  in  the  long  run  for  all  use  of  the  low- 
pressure  steam  above  50  per  cent  available. 

For  the  500-kw.  plant  a  similar  analysis  of  Mr.  Uhl's  curves 
will  show  that  the  most  uneconomic  point  of  steam  heating  is  about 
at  25  per  cent  use  of  the  low-pressure  steam  available. 

Summing  up,  we  may  say  that,  for  the  given  conditions: 

The  1000-kw.  plant  has  a  floating  range  of  power  costs  from 
operation  condensing  to  al)out  66}  iier  cent  use  of  exhaust  steam. 

The  500-kw.  plant  has  a  similar  floating  range  to  about  33|  per 
cent  use  of  exhaust  steam. 

Beyond  these  Hmits  the  economy  rapidly  increases  with  every 
additional  use  of  the  low-pressure  steam;  but  more  rapidly  with  the 
high-priced  than  with  the  low-priced  coal. 
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Abthxtr  T.  Safford  (written).  Many  small  water  powers  have 
been  hopelessly  outgrown  by  the  demands  for  more  power  l^  textile 
mills,  but  in  many  cases  their  use  of  water  for  mechanical  purposes 
has  become  of  such  value  that  a  shortage  at  any  time  in  the  year 
becomes  almost  a  calamity.  This  shortage  often  has  to  be  made  up 
by  water  purchased  from  city  water  worios  or  obtained  from  driven 
wells;  the  former  costs  approximately  10  cents  per  100  cu.  ft.; 
the  latter  is  often  hard  to  find  and  the  quantity  doubtful.  A  large 
print  works,  dyehouse  and  bleachery  may  easily  use  from  6  to  12 
million  gallons  daily,  which  at  dty  rates  would  cost  from  1800  to 
$1600,  a  sum  which  would  be  prohibitive;  while  the  same  water  under 
30  ft.  fall  would  be  worth  as  power  perhaps  $10  a  day.  The  value 
of  water  for  mechanical  purposes  has  never  been  recognised  fully  by 
manufacturers  in  bu3ang  and  selling  mill  sites;  but  has  been  well 
known  by  cities  and  towns  Which  have  taken  streams  for  water- 
supply  purposes. 

If  railroad' facilities  are  reasonably  good,  the  additional  power 
obtainable  by  using  the  most  modem  equipment  along  with  the 
saving  of  fuel  and  the  needs  by  all  manufacturing  plants  of  suffident 
clean,  soft  water  for  steam  and  mechanical  purposes,  will  go  far 
toward  overcoming  the  prejudice  against  distant  water-power  sites 
as  not  having  the  advantages  of  tidewater  locations. 

■ 

F.  C.  Freeman  said  that  the  cost  of  power  to  a  manufacturer 

formed  but  from  two  to  five  per  cent  of  the  cost  of  his  product,  and 
that  a  saving  of  10  to  20  per  cent  of  this  would  amount  to  but  very 
little.  The  main  desiderata  were  reliability  of  service  —  to  prevent 
interruption  to  production  —  and  reliability  of  speed  regulation.  A 
two  per  cent  drop  in  speed  in  the  case,  say,  of  a  yam  or  shoe  manu- 
facturer, would  mean  a  loss  of  two  per  cent  in  production. 

He  believed  it  would  pay  every  manufacturer  to  investigate  the 
reliability  of  the  publicnservice  or  local  power  coming  to  his  plant 
and  see  what  reserve  capacity  they  might  have,  what  means  for 
transmission  were  available,  and  also  whether  the  local  company 
kept  up  inspection  of  its  plant  to  produce  reliability. 

Charles  H.  Bigelow  thought  that  having  the  power  under  the 
control  of  the  manufacturer  meant  more  to  him  than  the  small 
saving  he  might  efifect  by  getting  his  power  from  a  public-service 
station.  The  isolated  plant,  properly  installed,  had  many  points 
to  be  considered,  as  the  power  was  not  the  only  thing  which  was  to 
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CostotCool  per  Ton  o+  Z000Lb.,Doliar8. 

i>.  17  Appkoxuiate  Cost  op  Steam  Power  from  IOOO-Kw.  Piamt  Rohmino 
2700  Hr.  Yearly  and  Usino  25  Per  Cent  op  the  Low-PuHiTBa  9iUM 
Available 


W.  T.  tFHL 


Coatof  Coal    per  Ton  of  ZOOOLb.,  Oollare, 


Fia.  18  Approximate  Cost  op  Steam  Power  nK 
2700  Hb.  Vbarlt  and  Ubino  50  Per  Cent  o 
Available 
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Cofel- Of  Coal  perTon  erf  2000  Lb,,  Dollars. 
t^o.  19    Appsoxiuatg  Cost  or  Steam  Poweb  from  1000-Kw.  Plant  Rmnaira 
2700  Hn.  Ykahly  and  Ubincj  75  Per  Cent  op  the  Low-Prebsubi  Stsam 

AVAILAULE 


Co6+  cff  Coal  per  Ton  of  ZOOOLb,  OoUar*. 

a.  20  Appboximate  Cost  of  Steam  Power  from  1000-Kw.  Plant  Rumming 
2700  Hs.  Yearly  and  Ubinq  100  Pbb  Cbnt  or  the  Low-pRSsanRi  Shaw 
Available 
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DISCUSSION 

Wm.  S.  Aldrich  (written).  A  careful  examination  of  Kgs.  13  to 
20  of  the  paper  showing  the  cost  of  power  per  kilowatt-hour  at 
various  load  factors  and  using  some  proportionate  part  of  the  low- 
pressurfe  (exhaust)  steam  for  heating  purposes,  reveals  four  quite 
distinct  applications.  These  have  particular  reference  to  the  deter- 
mination of  economic  operating  conditions  for  a  given  plant.  That 
is,  for  given  capacity  of  plant,  cost  per  kilowatt  of  installation,  run- 
ning time  per  annum,  and  cost  of  coal  per  ton.  These  may  be  con- 
sidered the  fixed  quantities  with  which  one  has  to  deal  in  comparative 
studies  of  operating  costs.  The  load  factor  and  percentage  of  low- 
pressure  steam  for  heating  may  likewise  be  considered  the  variables. 
Thus: 

1  Concentrated  vs.  Subdivided  Power  Generation.  Suppose  the 
peak  load  to  be  about  5000  kw.,  and  the  operating  conditions  such 
as  to  give  a  load  factor  of  about  75  per  cent.  Assume  cost  of  plant 
at  $75  per  kw.,  coal  at  $6  per  ton,  and  a  running  time  of  2700  hr. 
per  annum.  Of  the  number  of  combinations  of  generating  units 
possible,  which  is  the  most  desirable,  or  most  economic  in  continu- 
ous operation,  with  a  load  that  may  range  from  50  per  cent  to  100 
per  cent  of  the  installed  capacity;  and  with  or  without  steam  heat, 
if  district,  plant,  or  other  heating  may  be  guaranteed?  Quickly  to 
illustrate,  take  an  extreme  case: 

One  5000-kw.  unit,  condensing,  will  generate  power  under  the 
alx)vc  conditions  at  a  cost  of  1.2  cents  per  kw-hr. 

Ten  500-kw.  unite,  condensing,  will  bring  the  cost  up  to  1.60 
cents  per  kw-hr.  But  if  the  exhaust  steam  is  used  for  heating,  we 
have  rapidly  decreasing  cost  of  the  power  production,  according  to  its 
proportionate  use,  as  follows: 

Per  cent  of  low-pressure  steam  available: 25  50  71  100 

Cost  per  kw-hr.  cents 1.55  1.S2  l.OS  0.07 

Hate  of  decreasing  cost  of  power,  cents 0.23  0.30  O.Sf 

Clearly  there  is  some  reasonably  fixed  percentage  of  utiliiation 
of  the  exliaust  steam,  under  the  given  conditions,  which  renders  the 
power  cost  of  the  sulKlivided  (500-kw.)  units  the  same  as  that  of  the 
single  5000-kw.  unit;  that  is,  at  rate  of  1.20  cents  per  kw-hr.  In- 
terpolating, this  is  found  at  al)out  60  per  cent  utiUzation  of  the  low- 
pressure  steam  for  heating.  I^ess  than  this  percentage  would  prove 
unprofitable;  greater,  shows  increasing  economy,  even  to  the  point 
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of  reducing  the  power  cost  to  56  per  cent  of  its  value,  for  the  large 
single  unit.  Similarly,  a  detailed  study  may  be  made  at  50  per  cent 
and  at  100  per  cent  load  factors. 

2  Load  Factor  vs.  Steam  Heating.  Is  there  any  relation  between 
varying  load  and  the  steam-heat  requirements  which  shows  that 
operating  conditions  may  obtain  which  result  in  equal  power  costs 
or  a  sliding  scale  of  costs,  according  to  their  respective  demands? 

For  convenience  of  illustration,  assume  a  1000-kw.  plant  costing 
at  rate  of  $75  per  kw.  installed,  with  running  time  of  2700  hr.  per 
annum,  and  cost  of  coal  at  $6  per  ton.  The  following  summary 
from  the  curves  of  Mr.  Uhl's  paper  gives  at  once  the  data  for  such 
sliding  scale  of  operating  costs: 


Cost  of  Power  per  Kw-Hr.,  Cents 

Load  Factor. 
Percent 

Condensing 
(straight) 

At  Per  Cent  Low-Preasure  Steam  Available: 

25 

50 

75 

100 

50 

75 

100 

1.93 

1.48 
1.24 

1.83 
1  42 
1.22 

1.61 
1.28 
1.13 

1.24 
0.94 
0.68 

0.94 
0.65 
0.53 

With  an  additional  25  per  cent  income  from  steam  heating  there 
^s  even  a  little  less  power  cost  at  full  load  than  when  running  condens- 
*^>.g.  The  even  conditions  almost  prevail  at  75  per  cent  load  factor 
^^"ith  50  per  cent  steam  heating,  and  at  50  per  cent  load  factor  with 
'^o  per  cent  steam  heating.  The  maximum  economy  is  reached  at 
-1  CO  per  cent  load  with  all  low-pressure  steam  used  for  heating;  or 
^^  tout  40  per  cent  of  the  cost  of  power  under  such  full-load  conditions 
^^m pared  with  that  running  condensing  alone. 

3    Influence  of  Steam  Heating  upon  Power  Costs  at  Given  Load. 
**Vn  examination  of  the  last  line  of  the  preceding  table  shows  that 
^here  is  not  much  gain  in  economy  under  the  given  conditions  until 
^^)out  50  per  cent  or  more  of  the  low-pressure  steam  is  used  for  heat- 
ing.   Beyond  this  there  is  rapid  decrease  in  cost  of  power.    A  similar 
B-nalysis  for  a  500-kw.  plant  shows  a  less  range  of  uneconomic  oper- 
ation; that  is,  there  is  ver>'  little  gain  from  the  low-pressure  steam 
heating  till  somewhat  over  a  third  of  it  comes  to  be  so  utilized.    With 
larger  units  this  uneconomic  range  will  naturally  extend  toward  the 
complete  use  of  the  available  low-pressure*steam. 
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4  Influence  of  Cost  of  Coal  upon  Power  Costs  with  Steam  Heat, 
In  Par.  64  Mr.  Uhl  states  that  for  the  case  assumed  in  the  problem 
the  cost  of  coal  makes  very  Httle  difference.  This  is  markedly 
shown  in  Figs.  16  and  20,  for  the  100  i^er  cent  of  low-pressure  steam 
available,  by  the  very  slight  slope  of  the  cost  lines  for  quite  a  wide 
range  of  coal  costs  —  from  $3  to  $10  per  ton.  But  there  is  a  sig- 
nificant maximum  difference  of  cost,  however,  within  this  range  for 
the  various  percentages  of  low-pressure  steam  available.  It  may 
be  illustrated  as  follows,  assuming  a  1000-kw.  plant,  costing  $75  per 
kw.  installed  and  a  running  time  of  2700  hr.  per  annum: 


25 


50        !       75  100 


1.62      ;      1.01  O.tl 


Per  cent  of  low-preaeure  steam  available !  None 

Cost  per  kw-hr.  with  coal  at: 

(a)$10perton i  1.70  1.70 

(6)  $3  per  ton 0.87       I      0.84      '      0.72      ;      0.61  0  46 

Cost  difference  per  kw-hr..  cents 0.83      !      0.86  0.90      [      0.40  0.15 

I  I 

Plotting  these  values  as  usual,  or  otherwise  examining  their  relations 
by  differences,  it  will  be  seen  that  the  maximum  difference  occurs 
at  about  50  per  cent  qse  of  the  available  low-pressure  steam.  Until 
this  point  is  reached  there  is  only  a  very  slight  gain  in  economy  with 
the  coal  at  $10  per  ton;  and  a  little  l>etter  economy  is  shown  with  the 
coal  at  $3  per  ton.  For  the  lack  of  a  more  expressive  term  we  have 
called  this  the  "uneconomic  range"  of  the  heating  use  of  the  low- 
pressure  steam. 

Beyond  the  50  i)er  cent  utilization,  however,  there  is  very  marked 
increase  in  economy  of  the  steam  heating,  with  the  coal  even  at 
$  10  per  ton,  but  less  increase  of  economy  with  the  coal  at  $3  per  ton. 
It  would  be  trite  to  say,  again,  as  usual,  that  the  higher-priced  coal 
shows  greatest  gain  in  economy  in  the  long  run  for  all  use  of  the  low- 
pressure  steam  above  50  per  cent  available. 

For  the  500-kw.  plant  a  similar  analysis  of  Mr.  Uhl's  curves 
will  show  that  the  most  uneconomic  point  of  steam  heating  is  about 
at  25  per  cent  use  of  the  low-pressure  steam  available. 

Summing  up,  we  may  say  that,  for  the  given  conditions: 

The  1000-kw.  ])lant  has  a  floating  range  of  power  costs  from 
operation  condensing  to  alK)ut  66}  per  cent  use  of  exhaust  steam. 

The  500-kw.  plant  has  a  similar  floating  range  to  about  33}  per 
cent  use  of  exhaust  steam. 

Beyond  these  Kmits  the  economy  ra[)idly  increases  with  evei>' 
additional  use  of  the  low-pressure  steam;  but  more  rapidly  with  the 
high-priced  than  with  the  low-priced  coal. 
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Abthur  T.  Safford  (written).  Many  small  water  powers  have 
been  hopelessly  outgrown  by  the  demands  for  more  power  by  textile 
mills,  but  in  many  cases  their  use  of  water  for  mechanical  purposes 
has  become  of  such  value  that  a  shortage  at  any  time  in  the  year 
becomes  almost  a  calamity.  This  shortage  often  has  to  be  made  up 
by  water  purchased  from  city  water  works  or  obtained  from  driven 
wells;  the  former  costs  approximately  10  cents  per  100  cu.  ft.; 
the  latter  is  often  hard  to  find  and  the  quantity  doubtful.  A  large 
print  works,  dyehouse  and  bleachery  may  easily  use  from  6  to  12 
million  gallons  daily,  which  at  city  rates  would  cost  from  $800  to 
$1600,  a  sum  which  would  be  prohibitive;  while  the  same  water  under 
30  ft.  fall  would  be  worth  as  power  perhaps  $10  a  day.  The  value 
of  water  for  mechanical  purposes  has  never  been  recognised  fully  by 
manufacturers  in  buying  and  selling  mill  sites;  but  has  been  well 
known  by  cities  and  towns  which  have  taken  streams  for  water- 
supply  purposes. 

If  railroad' facilities  are  reasonably  good,  the  additional  power 
obtainable  by  using  the  most  modem  equi^Hnent  along  with  the 
saving  of  fuel  and  the  needs  by  all  nianufacturing  plants  of  suffident 
clean,  soft  water  for  steam  and  mechanical  purposes,  will  go  far 
toward  overcoming  the  prejudice  against  distant  water-power  sites 
as  not  having  the  advantages  of  tidewater  locations. 

« 

F.  C.  Freeman  said  that  the  cost  of  power  to  a  manufacturer 

formed  but  from  two  to  five  per  cent  of  the  cost  of  his  product,  and 
that  a  saving  of  10  to  20  per  cent  of  this  would  amount  to  but  very 
little.  The  main  desiderata  were  reliability  of  service  —  to  prevent 
interruption  to  production  —  and  reliability  of  speed  regulation.  A 
two  per  cent  drop  in  speed  in  the  case,  say,  of  a  yam  or  shoe  manu- 
facturer, would  mean  a  loss  of  two  per  cent  in  production. 

He  believed  it  would  pay  every  manufacturer  to  investigate  the 
reliability  of  the  public-service  or  local  power  coming  to  his  plant 
and  see  what  reserve  capacity  they  might  have,  what  means  for 
transmission  were  available,  and  also  whether  the  local  company 
kept  up  inspection  of  its  plant  to  produce  reliability. 

Charles  H.  Bigelow  thought  that  having  the  power  under  the 
control  of  the  manufacturer  meant  more  to  him  than  the  small 
saving  he  might  eflfect  by  getting  his  power  from  a  publioHservice 
station.  The  isolated  plant,  properly  installed,  had  many  points 
to  be  considered,  as  the  power  was  not  the  only  thing  which  was  to 
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be  used.  The  factory  had  to  be  heated  and  steam  used  for  manu- 
facturing purposes.  The  bleachery  of  the  plant  he  was  connected 
with  had  a  bleeding  turbine  from  which  every  ounce  of  steam  was 
taken  that  was  possible,  and  yet  they  had  to  use  more  live  steam. 
In  fact,  the  turbine  was  practically  a  reducing  valve,  and  they  were 
getting  their  electrical  power  as  a  by-product. 

An  isolated  plant  could  be  put  in  to  give  as  good  or  better  service 
than  a  central  station,  and  he  thought  the  manufacturers  of  northern 
New  Jersey  realized  during  the  preceding  winter  what  it  would 
mean  when  the  public-service  plant  was  overloaded. 

Wherever  water  power  was  available,  he  thought  it  should  be 
developed  and  used  in  connection  with  electrical  power. 


No.  1657 

FACTORY  STAIRS  AND  STAIRWAYS 

Bt  Q.  L.  H.'Abnold,  Nsw  Tobk,  N.  T. 
Member  o£  the  Soeie^ 

Conaideiviiofw  <m  (/^  (issi^  </  Jadoiry  stain  eonioMng  an  aeeouiU  cf  ihe 
code  requiremenU,  a  risumi  of  the  hett  praetiee  a$id  a  number  if  wnMmie  In 
refennes  to  the  variaue  detaUe  of  eonttruetionf  the  eetectUm  of  hmlding  mateHaU  amd 
the  manner  of  proinding  adequate  UhmUnation. 

The  safety  of  the  occupants  of  the  huUdsngt  the  possibOiiy  of  oesranwUng  and 
the  avoidance  of  loss  of  time  ors  thefadors  conbroOing  the  permissible  nwnhsr  of  stairs 
ways.  Main  stairs  should  neeer  be  less  than  44in,  to  ^  in.  hetwssn  handrails.  Spiral 
stairs  and  winders  are  db^ectionable  m  a  factory i  straia^  reinfareed-eonerete  runs 
with  a  good  fiUet  between  tread  and  riser  make  tile  most  saHtfaetory  stairs.  There 
are  no  special  limitations  in  the  site  of  the  piteh,  and  U  is  possUds  to  make  a  safe 
and  reasonably  comforUMs  stair  at  almost  any  piich  if  due  regard  is  paid  to  As 
relation  of  rise  and  length  of  run.  AU  landings  tAouli  be  reetangubsr  and  ai  least 
as  deep  as  the  stair  is  wide. 

In  the  artificial  iUuminaHon  of  the  shafts  complete  distribution  of  (he  Hght  is 
more  important  than  hriUiancy, 

.    Dangerous  locations  of  the  doors  leading  to  the  stairs  are  iUustraled  and  suitable 
arrangements  are  recommended. 

TN  the  multi-story  factory,  the  stairway  is  a  detail  worth  much 
more  than  passing  notice.  Bear  in  mind  that  the  people  above 
the  first  floor  are  dependent  on  the  stairs  for  egress;  that  four  times 
daily  the  stairs  are  crowded  by  people  in  a  hurry;  that  a  large  per- 
centage of  the  minor  accidents,  many  of  the  serious  ones,  and  many 
panics  happen  on  the  stairs. 

2  A  poorly  designed  stairway  may  be  an  effective  way  to 
spread  fires,  smoke  or  false  alarms  and  is  sure  to  be  a  disturber  of 
the  heating  system.  A  properly  designed  and  located  stairway 
affords  not  only  a  safe  and  convenient  means  of  entrance  and  exit 
but  also  the  handiest  and  most  effective  vantage  point  from  which 
to  fight  fires  on  the  upper  floors. 

3  In  solving  the  stairway  problem,  consideration  must  be  given 
to:    (1)  number;    (2)  location;    (3)  size;    (4)  type;    (5)  materials; 
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(6)  safety  treads;  (7)  proportions;  (8)  landings;  (9)  handrails;  (10) 
enclosures;  (11)  lighting;  (12)  wear. 

1      NUMBER 

• 

4  Where  building  codes  are  in  force,  the  minimuTn  number  of 
stairwa3rs  permitted  is  usually  ample.  Perhaps  the  most  usual  code 
requirements  are  one  stairway  plus  one  for  each  5000  sq.  ft.  of  lot 
area. 

5  In  cases  where  the  code  provision  is  insufficient,  and  where 
there  is  no  code,  it  is  essential  to  consider:  (a)  safety;  (b)  capacity; 
(c)  convenience. 

6  Safety.  No  building  over  two  stories  in  height  is  safe  with 
less  than  two  stairways.  A  single  stairway  may,  at  a  critical  mo- 
ment, be  blocked  by  a  temporary  disarrangement  of  stock  or  fixtures 
on  the  floor,  by  repairs  or  by  fire. 
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FiQ.  1    The  Pabts  of  a  Step 

7  Large  floors  require  an  increased  number  of  stairs  even  if 
but  few  people  occupy  the  floor.  As  the  distance  of  the  extreme 
point  from  the  stairway  increases,  so  do  the  chances  of  floor  barri- 
cades. Furthermore,  in  case  of  panic,  fire  or  other  accident,  the 
time  required  to  walk  or  carry  an  injured  or  fainting  person  100  ft. 
or  more  may  be  enough  to  produce  serious  results. 

8  Two  4-ft.  stairways  for  buildings  having  up  to  20,000  aq.  ft. 
of  floor  area,  with  one  additional  4-ft.  stair  for  each  additional 
10,000  sq.  ft.,  is  the  least  number  that  it  is  prudent  to  use. 

9  If  the  building  is  Uable  to  be  used  for  purposes  which  may 
permit  the  occupants  to  be  closely  spaced,  the  number  should  be 
increased  to  two  for  the  flrst  12,000  sq.  ft.  plus  one  for  each  addi- 
tional 6000  sq.  ft.  At  least  one  and  preferably  all  of  the  stairways 
should  be  carried  to  the  roof. 

10  Capacity.    In  densely  populated  buildings  the  number  of 
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stairways  must  be  increased  to  prevent  dangerous  overcrowding 
when  all  the  occupants  try  to  leave  at  once.  In  such  caseSi  20  in. 
in  width  for  each  one  hundred  personSi  the  Boston  rule  for  theater 
exitSy  is  high,  and  10  in.  to  14  in.  would  be  ample. 

11  Convenience.  Avoiding  the  disturbance  of  discipline  and 
the  loss  of  time  caused  by  the  passage  of  people  throu|^  other  de- 
partments, especial  arrangements  on  one  or  more  flkxnrs,  the  need  of 
accommodating  the  building  to  the  shape  of  the  plot,  the  location  of 
exits,  and  the  advantageous  subdivision  of  floors  among  different 
tenants  or  among  different  departments  of  the  same  tenant,  may 
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make  it  desirable  to  increase  the  number.  No  question  of  con- 
venience should  be  permitted  to  cause  stairs  to  be  so  located  that 
any  occupant  of  a  factory  would  be  obliged  to  travel  over  100  ft.  to 
reach  an  exit. 

2      LOCATION 

12  In  the  matter  of  location,  many  items  should  be  considered. 
Every  stairway  should  communicate  directly  with  an  exit  from  the 
building.  The  stairs  should  be  distributed  with  a  fair  degree  of  imi- 
formity  and  so  placed  as  to  reduce  as  much  as  possible  the  mATiTmim 
distance  to  be  traversed  to  reach  an  exit.    On  each  floor  the  landing 
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FiQ.  3    WooDKN  Staibs 


iQ.  4    Cabt-Ibon  Staibs 
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Fia.  5    BoML  8taib8  wrh  Woohbn  Tbbad 


Fig.  6    Steel  Staibs  with  Cast-Ibok  Tbbad 
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Fig.  7    Steel  Staibs  with  Stonb  Tread 


FiQ.  8    Steel  Stairs  with  Concutb  Tbbad 
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should  be  so  placed  that  lines  of  men  going  £rom  shop  to  locker 
room,  locker  room  to  stairs,  and  shop  to  stairs,  should  not  conflict. 

13  It  is  also  highly  desirable  to  avoid  obstructing  the  foreman's 
view  of  the  room.  When  practicable,  the  separate  tower  or  wing  is 
the  most  satisfactory  location.  *  The  locker  and  toilet  rooms  and 
the  elevator  can  be  in  the  tower,  thus  leaving  the  main  building 
clear  of  obstructions  and  giving  the  foreman  an  unobstructed  view 
of  the  room  and  permitting  greater  freedom  in  the  floor  layout. 


FiQ.  9    Rbinfobced-Concrete  SrAUts 

3      SIZE 

14  A  clear  width  of  44  in.  to  48  in/ between  handrails  will  allow 
the  passage  of  two  lines  of  people  at  once  and  the  main  stairs  should 
never  be  less  than  this.  If  wider,  the  width  should  be  in  multiples 
of  22  in.  to  24  in.,  the  number  of  handrails  being  such  that  it  is^never 
less  than  44  in.  nor  more  than  48  in.  between  rails. 

15  Where  the  number  of  employees  is  large,  it  is  better  to  in- 
crease the  number  of  4-ft.  stairs  than  to  increase  the  width.  Even 
when  the  number  of  employees  in  a  building  is  large,  only  one  floor, 
as  a  general  thing,  will  be  densely  populated.  This  crowded  floor  is 
as  likely  to  be  at  the  top  as  at  the  bottom.    Therefore  it  is  the  usual 
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practice  to  make  factory  stairways  of  constant  width  throughout 
their  entire  length. 

16  Occasionally  a  factory  building  must  be  designed  to  accom- 
modate dense  population  on  two  or  more  floors.  In  this  case,  the 
employees  from  the  upper  floors  coming  down  at  the  full  capacity 
of  the  stairways  will  find  the  lower  flights  already  taxed  to  the 
utmost  and  serious  congestion  will  result.  The  remedy  is  increased 
widths  for  the  lower  flights. 

17  Additional  stairways  from  the  lower  crowded  floors  may  not 
cure  the  trouble  because,  in  the  excitement  of  an  emergency,  when 
free  and  quick  egress  is  most  important,  the  Occupants  of  the  lower 
floors  are  likely  to  rush  to  the  busiest  stairway  and  leave  their  own 
special  exit  unused.  Special  stairs,  not  used  for  general  ingress 
and  egress,  may  be  as  narrow  as  20  in.  in  clear  width;  they  may 
be  steep,  Fig.  2,  or,  if  not  much  used,  they  may  have  winders  or 
be  spiral. 


FiQ.  10    Safbtt  Steel  Tread  wifh  Lead  Plugs 

4     TYPE 

18  Except  for  special  cases  used  by  but  few  people  for  intra- 
department  shortcuts,  spiral  stairs  and  winders  should  never  be 
permitted  in  a  factory.  Straight  runs  alone  are  permissible.  When 
the  story  height  exceeds  9  ft.,  the  flights  should  be  cut  and  interme- 
diate landings  used.  The  landings  should  be  rectangular  and  the 
flights  should  be  not  less  than  three  risers  nor  more  than  9  ft.  high. 

19  The  intermediate  landing  is  of  little  use  if  the  flights  are  in 
line.  A  turn  at  the  landing  serves  to  limit  a  fall.  A  180-deg.  turn 
has  the  further  advantage  of  reducing  the  floor  space  required.  In 
fact,  the  stairway  of  minimum  floor  area  (barring  spirak)  has  a  land- 
ing and  a  180-deg.  turn  every  4  ft.  in  its  height. 

5      liATEBIALS 

20  The  factory  stairs  are  usually  of  wood.  Fig.  3,  cast  iron, 
Fig.  4,  steel  or  steel  with  wood  tread.  Fig.  5,  steel  with  cast-iron 
tread.  Fig.  6,  steel  with  stone  tread,  Fig.  7,  steel  with  concrete  tread. 
Fig.  8,  or  reinforced  concrete.  Fig.  9. 

21  The  wooden  stair  in  multi-story  factories  is  not  good  practice. 
It  is  combustible  and  unsanitary.    In  building9  of  mill  CQDstruetioB, 
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Fia.  12    Lead  SAivrr  Tbkad  in  Concbbtx  ^Am 
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however,  especially  the  smaller  ones  when  not  over  four  stories  in 
height,  sprinkled  wood  may  be  acceptable.  The  wood  must  be 
smooth,  closely  jointed,  free  from  beads  and  not  less  than  2  in. 
thick,  making  a  slow-bm*ning  construction.  It  is  imperative  that 
the  wooden  stairs  be  enclosed  in  a  fireproof  well. 

22  The  saving  in  cost,  however,  over  a  non-combustible  stair- 
way is  not  great  enough  to  warrant  the  risk  except  in  special  cases. 
Cast  iron  and  steel,  while  non-combustible,  are  not  fireproof.  Never- 
theless, they  are  permissible  when,  as  it  always  should  be,  the  stair- 
way is  in  a  fireproof  enclosure,  since  any  fire  hot  enough  to  weaken 
the  metals  would  render  the  stairway  impassible. 

23  Steel  channels  are  more  reUable  for  stringers  and,  except  for 
short  flights,  cheaper  than  cast  iron,  and  are  more  generally  used. 
Risers  are  usually  of  angle  and  steel  plate  or  pressed  steel.  Treads, 
while  usually  of  cast  iron,  are  frequently  of  checkered  steel  plate, 
wood,  slate  or  concrete. 


Fig.  13    Abrasive  Safety  Tread 

24  Cast  iron  and  steel  plate  wear  slippery  and  hence  they  are 
dangerous  and  should  never  be  used  without  some  sort  of  safety 
tread. 

25  Wood,  because  of  its  imflammability,  should  not  be  used 
except  as  a  safety  tread  over  a  solid  sub-tread.  Slate  does  not  wear 
slippery  but  it  is  more  expensive.  It  must  be  backed  up  by  steel 
plate  and  replacements  are  exp)ensive. 

26  Concrete  as  a  tread  on  steel  stairs  has  no  special  advantage. 
The  steel  plate  under  tread  is  needed  as  it  is  for  wood  or  slate,  and  to 
facilitate  casting  the  steel  is  usually  carried  up  to  form  a  nosing. 
This  is  dangerous.  The  concrete  is  liable  to  crack  off  or  wear  below 
the  top  of  the  steel,  leaving  a  lip  over  which,  sooner  or  later,  some  one 
will  trip  and  fall. 

27  Reinforced  concrete  makes  perhaps  the  most  satisfactory 
stair  if  prop)erly  designed  and  built.  There  should  be  a  good  fillet 
between  tread  and  riser,  for  sanitary  reasons  at  least.  There  should 
be  a  nosing,  which  is  not  diflScult  to  cast  if  made  with  a  large  fillet* 
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6      SAFETY  TREADS 

28  Steel,  cast  iron,  and  concrete  wear  slippery  and  so  become 
dangerous.  Consequently,  some  form  of  safety  tread  must  be  used. 
Safety  treads  are  made  of:  (a)  lead;  (b)  abrasive  material;  (c)  a 
combination  of  the  two;  (d)  cork;  (e)  wood. 

29  Lead  Safety  Tread.  The  lead  safety  tread  is  made  by  in- 
serting plugs  of  lead  in  pockets  in  a  steel  frame,  Figs.  10, 11  and  12, 
the  whole  being  fastened  to  the  tread  proper  by  screws.  This  of 
course  wears  more  rapidly  than  cast  iron  or  steel  but  does  not  be- 
come sUppery  and  has  no  aflSnity  for  ice  or  snow.  It  is  easily  re- 
placed  when  worn.    The  chief  objections  to  it  are  that,  owing  to  the 


Fig.  16    Tread  Made  of  Abrasive  Grains  in  Lead  Matbiz,  thb  Wholb 

Carried  on  Steel  Plate,  Grooved  Top 

grooves  between  the  lead  plugs,  it  is  difficult  to  keep  clean,  and 
there  is  some  chance  for  a  heel  to  catch  in  the  grooves. 

30  Abrasive  Safety  Tread.  The  abrasive  tread  is  made  of  alun- 
dum  or  carborundum  cast  into  hard  metal,  leaving  the  grit  project- 
ing slightly  above  the  surface  of  the  metal.  Figs.  13  and  14.    The 
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Fia.  17    Tread  Made  of  Abrasive  Grains  in  Lead  Matrix,  the  Wbolb 

Carried  on  Steel  Plate,  Flat  Top 

abrasive  is  also  imbedded  in  the  rounded  nosing  to  prevent  dipping 
on  the  edge  of  the  step. 

31  This  type  of  safety  tread  is  made  to  be  used  as  the  complete 
tread  as  well  as  the  renewable  safety  tread  bolted  to  a  sub-tread. 
It  is  also  made  as  a  nosing,  this  form  being  especially  useful  on  con- 
crete stairs.  Fig.  15.  This  is  probably  the  most  durable  tread  in 
heavy  traffic.  It  is,  however,  hard  and  noisy  and,  like  the  lead 
tread,  it  is  difficult  to  keep  entirely  clean.  There  is  also  a  chance 
that  the  grit  may  be  too  sharp,  and  instances  are  known  where  the 
shoe  has  been  gripped  so  firmly  as  to  cause  a  fall. 

32  Combined  Lead  and  Abrasive  Safety  Tread.  A  third  type  of 
safety  tread  is  made  of  grains  of  abrasive  in  a  lead  matrix,  the  whole 
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carried  on  a  steel  plate.    It  is  made  dther  grooved.  Fig.  16,  or  flat. 
Fig.  17,  and  with  the  anti-slip  smfaoe  earned  to  the  frcmt  edge. 

33  The  flat  top  is  a  great  advantage  as  it  makes  it  possible  to 
ke^  the  staiis  dean.  For  outdoor  use  it  shares  iritii  the  lead  tread 
the  advantage  that  snow  or  ice  do  not  adhere.  It  also  shares  irith 
the  othtf  type  of  abrasive  tread  the  danger  of  too  aente  a  giqi. 

34  With  either  of  the  above  three  tjjrpes  of  tread  it  is  not  neces- 
sary to  cover  the  entire  width  of  the  tread.  If  the  front  edge  of  the 
step  to  a  depth  of  3  in.  to  3|  in.  is  protected  l^  a  non-HKiying  sor* 
face,  the  remainder  of  the  tread  only  needs  to  be  Inroui^t  up  flush 
with  the  safety  strip. 


FiQ.  18    CoBK  Tbbab  wnB  BIbial  Nosmo 


Fia.  19      CoBK  Trbad  with  Safstt  Nosdtq 

35  Cork  Tread.  Cork  as  a  safety  tread  is  not  so  well  known 
nor  so  widely  used  as  it  deserves  to  be.  It  is  impervious  to  almost 
all  liquids  and  hence  is  easily  kept  in  a  really  sanitary  condition.  It 
is  noiseless,  wears  surprisingly  well  and  is  the  pleasantest  of  aQ  mate- 
rials on  which  to  walk. 

36  Unfortunately,  its  lack  of  strength  makes  it  necessary  to  use 
a  metal  or  wood  nosing,  Fig.  18.  This  is  not  dangerous,  however, 
because  owing  to  the  elasticity  of  the  cork,  the  nosing  will  wear 
ahead  of  it. 

37  Where  stairs  are  liable  to  rough  usage,  as  by  dragging 
heavy  pieces  up  or  down,  the  cork  tQe  is  sometimes  used  with  a 
nosing  having  a  lead  or  abrasive  non-slip  surface,  Fig.  19. 

38  For  use  as  a  safety  tread,  the  cork  is  compressed  into  tiles 
i  in.  thick  by  9  to  12  in.  sq.    These  are  cemented  to  the  sub-tread. 
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39  Wood  Safety  Tread.  Except  under  the  heaviest  traffic,  wood 
makes  a  splendid  safety  tread.  Laid  directly  on  top  of  a  solid  sted 
or  concrete  base  and  exposed  only  on  the  top  and  front  edge,  the  fire 
risk  is  practically  eliminated. 

40  Wood  offers  one  of  the  most  satisfactory  surfaces  to  step  on. 
It  is  never  slippery  and  it  is  cheap.  The  worst  objection  to  it  is 
from  a  sanitary  viewpoint  because  it  absorbs  expectoration. 

41  The  wood  should  be  either  oak,  maple  or  edge-grain  yellow 
pine  to  wear  well,  the  last-named  being  undoubtedly  the  longest- 
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Fia.  20    DiAQBAii  Showinq  How  Wobx  of  Abcxndinq  and  Dbmsmdino  u 

Carried  bt  Ball  or  Foot 

lived.  Each  tread  should  be  made  in  three  pieces,  as  shown  in 
Fig.  3.  The  rear  strip  will  never  need  to  be  renewed  and  the  center 
strip  but  rarely. 

7      PROPORTIONS 

42  Although  the  pitch  of  stairs  must  be  kept  within  eompttra- 
tively  narrow  limits  for  best  results,  still  it  is  possible  to  make  a  safe 
and  reasonably  comfortable  stair  at  almost  any  pitch  if  due  legiotl  is 
paid  to  the  relation  of  rise  to  length  of  run. 
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43'  The  natural  length  of  steps  decreases  rapidly  as  the  grade 
increases,  even  on  a  ramp  where  the  surface  offers  equal  foothold  at 
all  points.  Failure  to  take  this  fact  into  consideration  results  in 
a  stair  which  is  awkward  and  tiresome,  with  a  pronounced  tendency 
to  produce  stumbling  and  falls. 

44  The  length  of  the  foot,  or  rather  of  the  shoe,  is  not  an  im- 
portant factor.  For  one  thing,  the  actual  length  of  t^  tread  exceeds 
the  nm  by  the  amount  of  the  nosing.  For  another,  practically  all 
the  work  of  ascending  and  descending  stairs  ia  done  t^  the  ball  fd 


Fia.  21    Pbntbodbe  poh  Steep  Staibs 

the  foot,  Fig.  20.  In  ascending  the  weight  is  borne  on  the  ball  of 
the  foot  in  the  middle  of  the  step  while  the  heel  projects  in  the  air. 
Id  descending,  the  toe  projects,  the  weight  being  borne  on  the  ball  on, 
or  just  back  from,  the  edge  of  the  step,  the  heel  barely  touching  the 
step. 

45  For  adults,  making  the  length  of  the  run  plus  twice  the  rise 
equal  to  24  in.  to  24^  in.  can  be  relied  upon  to  give  satisfactory 
proportions.  By  this  rule  the  rungs  of  a  ladder  should  have  a  12-in. 
spacing,  which  is  the  recognized  standard,  and  a  45-deg.  stair  would 
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have  an  S-in.  rise  and  an  8-in.  run,  which  a  wide  experience  shows 
to  be  entirely  satisfactory.  A  horizontal  grating  would  have  a  24-4n. 
spacing,  which,  although  a  trifle  short,  is  nevertheless  within  the 
bounds  of  practicability. 

46  In  factory  practice  the  tendency  is  to  make  the  stairs  steep 
in  order  to  save  room.  Observation  by  several  people  over  a  period 
of  years  and  under  a  wide  variety  of  circumstances  confirms  the 
opinion  that  an  8-in.  rise  by  an  8-in.  run  is  the  steepest  stair  prac- 
ticable for  general  use  and  that  7J-in.  rise  by  9-in.  run  is  much  better. 
Some  building  codes  prescribe  7)  in.  as  the  maximum  h^^t  of  rise. 
Although  7-in.  rise  by  10-in.  run  makes  probably  the  eaaieet  of  all 
stairs,  the  improvement  over  7;  in.  by  9  in.  is  not  usually  worth  the 
extra  floor  space  consumed. 

47  Out-of-doors  stairs  or  steps  should  be  made  with  only  &4o. 
rise,  if  possible.    In  any  case,  the  rise  and  run  must  be  uniform 
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throughout  the  entire  length  of  the  stairway.  Otherwise,  falls  will 
be  frequent. 

8     LANDINGS 

48  All  landings  should  be  rectangular  and  at  least  as  deep 
the  stairs  are  wide.  The  surface  should  be  of  the  same  material  as 
the  stair  treads.  Attempts  to  save  room  by  cutting  off  conets 
or  reducing  the  size  of  landings,  or  by  the  introduction  of  windeis  or 
straight  steps  invariably  result  in  accidents,  especially  ■wbioi  the 
stairs  are  crowded  and  every  one  is  in  a  hurry. 

9      HANDRAILS 

49  Each  line  of  people  on  the  stairway  should  have  ft  Bontinu- 
ous,  firmly  supported  handrail  at  a  convemcnt  height  and  of  nch  mat 
and  shape  as  to  be  rciidily  and  securely  grasped.  The  mattfial  may 
be  wood  or  metal.    If  of  metal,  the  rail  will  usually  be  iron  or  oooft- 
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ajooally  brass  pipe  and  of  l^iD.  or  IJ^n.  iroti-pipe  sue.  1^  linn., 
although  somewhat  small,  has  the  advantage  that  the  fittingB  are 
more  geDerally  carried  in  stock.  La^e  sisee  are  used  but  they  are 
objectionable  as  they  cannot  be  grasped  securely  in  the  frantic  effort 
to  reooTer  &om  a  misstep,  especially  by  a  person  with  small  hands. 
SO  T-bars  and  special  rolled,  drawn  or  cast  handrail  sections, 
ant  frequ^tly  used  but,  except  ftn*  the  architectural  effect,  th^ 
hiive  no  advantage  over  the  cheap  and  homely  wrou^t-iron  pipe. 
{{  the  rail  is  of  wood,  it  should  be  of  oak,  ash  or  some  other  non- 
splintering  hardwood;  never  yellow  pine.  It  may  be  a  round  bar 
qot  leas  than  1}  in.  in  diameter  nor  more  ihan  2}  in.,  or  it  may  be  one 
of  the  stock  patterns  carried  by  ihe  mills.  In  any  case  it  must 
b^  strcmgly  supported  at  a  he^t  (tf  31  to  33  in.  above  the  front 
e^ffi  of  the  step.    Around  the  landing  the  hdght  should  be  36  in. 


Flo.  24    Wbono  Swinq  of  Doors 
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TtQ.  25    Fkoperlt  RmiQ  Doobb 

AND  COBBECr  WlDTB  OF  liANDINa 


open  stairs  require  either  a  second  rail  at  I 
wire  netting  between  stair  and  rail. 


r  height  or  a  strong 


10      ENCLOBUHES 

51  Nothwithstanding  the  fire  risk,  the  danger  from  things 
dropped  or  thrown,  the  chance  for  falls  and  the  increased  difficulty 
of  heating,  open  stairways  are  frequently  found  in  factories.  Every 
stairway  should  be  enclosed  in  a  fireproof  well.  In  many  cities,  a 
wire  grill  is  permitted  between  stairs  and  elevators  in  the  same  well. 
A  solid  partitioh  is  more  satisfactory  and  pays  for  the  extra  room 
and  expense.  Choice  of  material  will  be  governed  by  the  same  cdn- 
siderations  as  in  the  case  of  the  other  partitions.  The  space  under 
the  bottom  flight  must  be  left  open  and  kept  clear  unless  filled  up 
solid  with  non-combustible  material. 

52  If  the  stairs  extend  to  the  roof,  the  enclosure  should  be 
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carried  above  the  roof  in  the  form  of  a  bulkhead  or  penthouse  h^ 
enough  to  allow  a  door  6  ft.  6  in.  to  7  ft.  in  height.  If  the  roof 
flight  ia  a  ladder  or  a  very  steep  stair,  the  penthouse  may  be  replaced 
by  a  scuttle,  or  better,  by  a  companion  as  shown  in  Fig.  21.  The 
door  or  scuttle  should  be  hooked,  latched  or  bolted  in  such  &  my 
that,  at  any  time,  it  can  be  opened  readily  from  the  inside.  The 
roof  of  the  stair  well  should  be  a  skylight  with  a  wire  netting  undo* 
the  glass  to  catch  pieces  of  glass  in  case  of  breakage. 


Fin.  26    Wroko  Swing  or  Doors 


Fios.  27  AND  28    Pbopbbi-t  Hdmo  Doom 

53  At  each  story  liberal  wire-glass  windows  with  metal  franwa 
should  be  provided  so  that  the  whole  shaft  shall  be  as  light  aa  may 
be  in  daylight.  The  better  the  illumination  is,  the  fewer  days  in  a 
year  will  artificial  light  be  required. 

54  All  stairway  openings  should  be  closed  with  Underwriter 
automatic  fire  doors  opening  with  the  outgoing  curreat.  The  out- 
side doors  need  not  be  fire  doors  but  should  open  out.  Where  there 
is  much  trafiic,  the  fire  doors  may  be  supplemented  by  glated  douUe- 
acting  doors.  The  locks  on  all  these  doors  shoulH  be  such  that 
under  no  circumstances  can  a  person  be  locked  in. 

55  Care  should  be  exercised  to  locate  these  doore  so  that  they 
may  be  opened  without  risk  of  crowding  some  one  off  the  landing 
and  so  that  a  stream  of  people  descending  cannot  prevrat  them 
fiom  being  opened     Fig.  22  illustrates  a  dangerous  looation  of  the 
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doors.  With  that  arrangement,  a  person  descending  might  collide 
with  the  edge  of  the  door,  or  if  this  is  suddenly  opened  it  may  knock 
some  one  off  the  top  step.  In  Fig.  23  the  landing  is  too  narrow,  a 
descending  crowd  interferes  with  the  opening  of  the  door,  and  Fig.  26 
illustrates  another  dangerous  location.  The  distance  B  in  Fig?.  24, 
27  and  28  should  be  not  less  than  the  width  of  the  stcCirs,  and  dis- 
tance A  in  Fig.  25  should  be  at  least  2  ft. 


Traffic  onfy 
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Fig.  29    Characteristic  Effects  of  Wear  on  Steps 


11      LIGHTING 

56  In  the  artificial  illumination  of  the  shaft,  brilliancy  is  not 
required  but  thorough  distribution  is.  A  light  should  be  placed  at 
each  floor  and  each  turn.  The  lighting  should  be  in  duplicate. 
Since  there  is  always  a  likelihood  of  a  small  group  of  employees  being 
in  the  place  at  night-after  the  stair  lights  are  out,  it  is  quite  necessary 
to  reduce  to  a  minimum  the  distance  one  must  grope  in  the  dark. 
For  this  reason  the  electric  lights  should  have  double-acting  switches 
at  each  end  of  each  circuit  and  the  emergency  lights,  whether  gas, 
candle  or  lantern,  should  be  so  placed  that  each  flight  can  be  Ughted 
on  the  spot. 

12      WEAR 

57  Steps,  subject  to  ascending  traflic  only,  wear  as  shown  in 
Fig.  29,  at  A,  If  the  traffic  is  descending  only,  the  wear  is  as  at  fi. 
If  subject  to  traffic  in  both  directions,  the  wear  will  be  as  at  C. 
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58  In  any  case,  renewal  of  the  front  third  of  the  tread  will 
usually  restore  the  worn  step.  At  long  intervals  the  middle  third 
may  have  to  be  renewed  if  the  traffic  is  very  heavy.  On  wooden 
stairs  or  on  metal  or  concrete  stairs  with  wooden  treads,  the  tread 
should  be  in  three  pieces.    This  will  minimize  repair  bills. 

59  Mr.  T.  A.  Waldron,  during  the  years  1896  to  1908,  at  the 
Yale  &  Towne  Manufacturing  Co.,  made  extensive  experiments  on 
wooden  treads  constructed  in  three  pieces  as  described.  Hard 
maple,  on  account  of  its  superiority  for  flooring,  was  taken  as  a  basis 
of  comparison.  Mr.  Waldron's  method  was  to  use  the  hard  maple 
on  every  other  step,  putting  the  wood  on  trial  on  the  alternate  steps. 
Ordinary  yellow  pine  proved  to  be  very  short-Uved.  Edge-grain 
yellow  pine,  on  the  other  hand,  proved  to  be  by  far  the  most  durable, 
outwearing  the  maple  two  to  one. 

60  Where  safety  treads  3  in.  or  3^  in.  wide  are  used,  practically 
all  the  wear  will  come  on  the  safety  tread  and  only  this  will  need 
renewal.  Cork  treads  being  made  in  tiles  9  in.  to  12  in.  wide  by  the 
depth  of  the  tread,  it  is  necessary  in  case  of  wear,  to  replace  only 
those  tiles  which  are  worn. 

DISCUSSION 

Curtis  H.  Veeder  (written).  In  1911  we  made  some  alterations 
and  additions  to  our  factory  and  in  that  connection  designed  a  special 
form  of  concrete  step  with  a  removable  wooden  tread.  Concrete 
was  cast  in  a  special  cast-iron  mold  and  in  it  were  set  cast-iron  strips 
vdih  T-slots  in  which  to  place  the  nuts  of  the  screws  used  to  fasten 
the  wooden  tread  to  the  concrete,  see  Fig.  30.  The  stairs  were  laid 
out  with  a  tread  of  12  in.  and  a  rise  of  7  in;,  which  dimensions  have 
proved  very  satisfactory,  as  much  of  our  product  is  light  and  is 
carried  from  one  floor  to  another  by  messenger.  The  treads  are  of 
maple  and  can  easily  I)c  renewed.  The  concr^te  steps  were  built 
into  the  8-in.  brick  walls  which  formed  the  sides  of  the  staiiway. 

Carl  King  (written).  Stair  treads  of  the  materials  eomnaoxily 
used  do  not  present  any  particular  hazard  as  regards  sUpfnng  cnr 
tripping  when  new  and  under  normal  conditions.  If  the  oonditions 
could  be  always  favorable,  and  ordinary  stair  treads  were  proof 
against  wear,  there  would  ))e  l)ut  little  advantage  in  equipping 
stairways  with  safety  treads. 

In  order  that  there  may  l)e  absolute  protection  from  slipptng, 
a  siifety  tread  should  he  so  designed  as  to  provide  for  direct  contact 


between  the  shoe  sole  and  the  tread  surface  under  an;^  and  all  con- 
ditions. The  only  manner  in  which  this  may  be  BcoompUshed  is 
by  designing  Uie  tread  with  spaces  for  contact  with  the  foot,  and 
separate  spaces  wherein  tot&ga  substances  may  be  displaced.  Pref- 
erably, the  tread  surface  should  be  designed  with  grooves  or  corru- 
gations of  ample  size  to  provide  channels  for  the  drainage  of  water 
and  the  displacement  of  any  substance. 

To  be  effective,  the  channels  should  be  wide  and  deep  enough  to 
insure  a  direct  contact  surface,  and  the  contact  surface  itsdl  should 
consist  of  anti-ehp  material,  such^as  lead  or  an  abrasive  composition, 
imbedded  in  dovetailed  grooves,  which  would  reonain  uniform  until 
the  tread  was  completely  worn  out.  Those  requirements  are  ad- 
mirably met  in  the  type  shown  in  F^  10  and  12.    With  this  cod- 


Fio.  30    Concrete  Step  with  Reuovablb  Wooden  Tbk&d 

struetioQ  the  lead  wears  no  more  rapidly  than  the  substantial  steel 
frame  in  which  it  is  encased. 

In  the  matter  of  cleanliness,  it  can  readily  be  seen  that  any  foreign 
matter  dropped  upon  the  tread  or  scraped  from  the  soles  of  shoes  can 
be  swept  to  the  end  of  the  tread,  which  need  not  extend  to  the  skirt- 
ing or  baseboard,  and  thence  down  the  stairs;  luaking  it  as  easy  a 
matter  to  keep  the  stairs  clean  aa  though  there  were  no  safety  treads 
upon  them.  To  my  mind  these  facta  refute  the  author's  contention 
that  the  flat  surface  is  an  advantage  in  the  direction  of  cleanliness. 

Ira  H.  Woolson  (written).  The  liberal  use  of  wired-glass  win- 
dows, as  permitted  in  Par.  53,  is  fi  dangerous  provision  that  should 
not  be  allowed  for  the  sake  of  saving  the  cost  of  a  single  dectric  light 
in  each  story,  where  or  when  exterior  window  lighting  is  not  available. 

Windows  in  stairway-enclosure  partitions  should  be  prolubited 
for  this  reason.  Even  though  they  be  approved  fire  windows,  they 
axe  no  barrier  to  radiant  heat,  and  the  heat  transmitted  through 
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such  windows  from  a  brisk  fire  in  any  story  might  easily  make  the 
stairway  impassaWe  for  occupants  from  stories  above. 

Wired  glass  will  only  prevent  the  passage  of  the  fire  itself  up  to 
the  melting  point  of  the  glass  —  approximately  1600  deg.  fahr. 
That  temperature  may  be  quickly  obtained  from  a  fire  in  highly 
combustible  material,  especially  where  the  opposite  side  of  the  glass 
would  not  have  the  protection  of  outdoor  exposure  such  as  would  be 
the  case  in  a  stairway.  The  moment  a  window  in  a  stairway  enclo- 
sure, however  small,  is  open  to  a  fire,  the  whole  stairway  ceases  to 
be  serviceable  for  occupants  of  the 'building,  or  firemen,  and  there 
is  grave  danger  that  it  will  then  serve  as  a  channel  for  transmitting 
fire  to  other  portions  of  the  building. 

The  same  arguments  apply  to  the  use  of  glass  panels  in  stairway 
doors.  They  should  be  prohibited  wherever  possible,  and  if  allowed 
at  all,  they  should  be  of  wired  glass  in  metal  frame,  and  not  exceed 
12  in.  by  6  in.  in  size.  This  glass  of  such  small  size  would  not  easily 
drop  out  of  its  fastenings  when  it  began  to  soften,  as  usually  occurs 
with  larger  sizes,  and  it  would  render  service  until  actually  melted. 

Windows  in  exterior  walls  of  stair  shafts  may  be  of  ordinary  glass, 
for  their  breaking  would  do  no  harm,  and  in  fact  this  would  be  an 
advantage  in  case  of  fire,  as  it  would  allow  the  exit  of  smoke  that 
might  find  its  way  into  the  stairway.  A  ventilator  at  the  top  of 
such  stairways  would  also  be  an  advantage  for  the  same  purpose. 

Wm.  T.  Magruder  (written).  As  a  safety  device  for  persons 
descending  ix)orly-lighted  stairways  I  would  commend  the  practice 
of  having  alternate  steps  painted  in  contrasting  colors  or  molded 
alternatoly  in  light-  and  dark-colored  materials.  Painting  the 
grooves  of  alternate  treads  in  white  or  other  light-colored  paint  is 
one  of  the  simplest  and  cheapest  ways.  It  causes  the  user  to  differ* 
entiate  each  step  from  those  next  to  it,  which  is  not  always  easy  to 
do  on  factor}'  stairways.  The  practice  makes  for  lx)th  safety  and 
speed  in  use.     It  is  of  English  origin. 

H.  W.  MowERY  (written).  Many  who  have  not  followed  acci- 
dent-prevention work  will  l)c  surprised  to  learn  that  out  of  76,000 
fatal  casualties  in  a  single  year  in  the  United  States  approximately 
one  out  of  five  can  be  traced  directly  to  unsafe  walking  places  and 
one  in  sixtv-four  to  falls  on  stairs. 

Referring  to  Par.  9,  it  is  desirable  that  all  stairs  running  through 
the  building  for  exit  purposes  shall  be  carried  to  the  roof,  otherwise 
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people  using  stairs  in  an  emergency  and  coming  from  the  lower  floors 
unaware  that  the  stairway  ended  on  the  top  floor,  would  be  trapped. 

The  amount  of  exit  capacity  is  a  matter  on  which  there  is  con- 
siderable difference  of  opinion.  The  average  rate  of  progress  of 
crowds  of  people  on  stairways  must  be  known  before  a  proper  solution 
of  this  problem  is  obtainable.  From  a  consideration  of  the  results 
of  an  important  study  of  the  character  of  traffic  and  rate  of  move- 
ment undertaken  in  connection  with  the  construction  of  the  Hudson 
Terminal  Building  of  New  York,  it  would  seem  that  the  10  to  14  in. 
of  stair  width  per  100  persons  advocated  in  Par.  10  is  not  sufficient. 

Exception  is  taken  to  the  statement  that  wood  is  a  safety  4jread. 
Safety  treads  are  a  manufactured  combination  of  metal,  rubber, 
etc.,  and  abrasive  grit  as  the  anti-slip  element.  It  is  true  that  soft 
wood  presents  a  good  anti-slip  surface,  but  edge-grain  yellow  pine 
and  hard  maple  mentioned  particularly  for  such  purposes  in  Par. 
59  are  unquestionably  unsafe  because  of  their  slipperiness,  although 
they  may  be  quite  durable. 

So  many  concrete  steps  are  built  without  nosings  that  attention 
is  directed  to  the  necessity  for  them.  When  descending,  if  there  is 
no  nosing  overhang,  the  heel  very  frequently  strikes  against  the 
riser,  and  where  women  are  employed,  their  skirts  are  frequently 
pinned  between  the  heel  and  riser,  causing  a  bad  fall.  A  nosing 
overhang  of  I  in.  to  1|  in.  is  a  requisite  to  safety. 

Treads  with  grooves  parallel  to  the  nosing  edge  are  undesirable 
for  two  reasons.  The  series  of  parallel  lines  running  in  the  same 
direction  as  the  line  of  the  st^p  edge  is  confusing  to  a  person  descend- 
ing, who  is  unable  to  distinguish  clearly  which  one  of  the  lines  is  the 
line  of  the  step  edge.  Moreover,  the  presence  of  grooves  parallel 
to  the  edge  permits  the  toe  or  the  front  edge  of  the  heel  to  catch 
frequently,  resulting  in  a  bad  fall.  A  slippery  nosing  edge  is  danger- 
ous because  that  is  the  contact  point  of  the  foot  when  descending. 

Lead  alone  is  not  an  anti-slip  surface  but  the  basis  of  all  bearing 
metals  used  to  reduce  friction.  A  safety  tread  to  be  effective  must 
increase  the  friction  and  must  be  effective  even  in  the  presence  of  oil 
and  mud.  An  abrasive  grit  such  as  sand  or  ashes  is  often  used  tem- 
porarily to  make  safe  a  slippery  surface.  The  "safe  "  tread,  therefore, 
will  have  permanently  held  in  it  an  abrasive  grit;  and  the  durabiUty 
of  the  tread  does  not  depend  upon  the  abrasives,  such  as  carborundum, 
alundum,  etc.,  but  upon  the  durability  of  the  material  by  which  that 
abrasive  grit  is  held  in  place.  Cement  mechanically  is  not  sufficiently 
strong  and  if  an  ox>'-chIoride  of  magnesia  cement  is  used  it  should 
not  be  exposed  to  moisture,  because  it  is  soluble. 
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When  the  elements  intended  to  prevent  slipping  are  held  in  a 
metal  frame,  the  metal  takes  all  of  the  wear  and  the  lead  inserts 
act  merely  as  the  anti-^lip  element.  After  a  short  time,  therefore, 
a  walking  smface  of  steel  or  brass  edges  is  presented  and  it  is  very 
slippery,  as  the  soft  lead  hollows  out  and  leaves  the  hard,  smooth, 
slippery  edges  in  a  bold  relief. 

Types  of  treads  shown  in  Figs.  13, 14, 16  and  17  are  of  the  abrasive- 
metal  type.  Figs.  13  and  14  are  of  iron  with  an  abrasive  distributed 
throughout  the  entire  wearing  surface  at  the  time  of  casting.  Figs. 
16  and  17  are  a  lead-abrasive  combination.  Fig.  16  is  undesirable 
on  account  of  the  grooves  running  parallel  to  the  nosing  edge,  but 
Fig.  17  is  a  good  type  of  anti-slip  tread.  Both  the  iron-abrasive  and 
the  lead-abrasive  combinations  are  extremely  durable,  lasting  much 
longer  than  the  steel-  or  brass-base  treads.  They  most  nearly 
conform  to  the  ideal  safety  tread,  which  should  consist  of  "a  metal 
matrix  containing  an  abrasive  grit  uniformly  distributed  throughout 
the  entire  wearing  surface  and  free  from  grooves  or  other  designed 
variations  exceeding  iV  in. " 

In  Pars.  49  and  50  dealing  with  hand  rails,  some  mention  should 
be  made  of  the  distance  from  the  side  wall,  which  should  be  not 
less  than  5  in.  Hand  rails  should  be  placed  at  such  a  height  that  an 
individual  falling  forward  would  strike  the  rail  with  his  center  of 
gravity  below  it.  This  is  particularly  true  of  outside  stairways  and 
railings  on  exposed  sides  of  a  stair,  and  here  the  height  should  be  not 
less  than  42  in.,  measured  vertically  from  the  center  of  the  tread. 

Arthur  Boniface^  in  a  written  discussion,  said  that  a  type  of 
safety  tread  not  touched  upon  in  the  paper  was  one  in  which  alundum 
tread  blocks  6  in.  by  7^  in.  by  1  in.  thick  were  imbedded  in  a  con- 
crete stairway  at  the  time  of  its  pouring.  In  1914  he  had  constructed 
a  public  stairway  of  this  kind  to  care  for  a  daily  traffic  of  about 
25,000  persons.  After  nearly  four  years  of  service  test  the  alundum 
treads,  which  were  made  by  the  Norton  Company,  of  Worcester, 
Mass.,  showed  Uttle  or  no  wear,  which  would  indicate  that  renewals 
would  be  unnecessary  during  the  life  of  the  stairway.  They  pi"©- 
sonted  a  slip-proof  surface  at  all  times,  and  the  grip  on  the  shoe,  while 
positive,  was  not  so  pronounced  as  to  hinder  the  momentum  of  the 
body.  They  had  proved  to  be  practically  noiseless  and  easy  to 
keep  clean.  They  had  been  successfully  applied  also  to  stairwajrs 
with  wood  treads,  as  well  as  to  skeleton  steel  stairs. 
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Empirical  ruearch  of  the  amount  of  direei  nmlight  and  the  inimiUy  cf  daffiifihi 
to  he  admitted  on  the  working  plane  in  aawtooih  eonetruction. 

An  equation  is  derived  to  determine  the  time  cf  admierian  cf  direct  eunHnht  and 
ihe  number  of  hours  of  ite  duration  toith  a  given  orientation  cf  aawtooth  buildinge  and 
dope  cf  the  lighting  area. 

Further  coneideratione  are  made  in  regard  to  the  influence  of  ihe  eite  and  dope  of 
the  eawtooth  UgJUing  area  on  the  rdative  inteneity  of  dofjUffld  reoeived  from  ihe  northern 
sky.  A  special  example  is  v)orked  out  illustrating  the  method  of  computing  the  rdor 
tive  amount  s/  diffused  light  entering  a  huUding. 

li/l' ANY  processes  of  manufacturing  require  for  best  results,  natural 
^^  illumination  consisting  of  sufficient  and  well-diffused  daylight, 
with,  at  the  same  time,  however,  the  important  limitation  that  little 
or  no  direct  sunlight  shall  fall  upon  the  working  plane. 

2  That  is,  there  is  a  sharp  distinction  between  dayUght  and 
sunUght  and  their  relative  desirability.  The  former  consists  of 
illumination  by  sunlight,  reflected  and  refracted  from  the  sky  and 
clouds,  properly  designed  fenestration,  resulting  in  an  evenly  dis- 
tributed, well-diffused  light  with  consequent  lack  of  sharp  shadows 
and  contrasts.  The  latter,  or  illumination  by  direct  sunlight,  is 
objectionable  for  many  reasons  of  varying  relative  importance,  such 
as  the  following:  Its  heating  effect,  especially  in  warm,  southern 
climates;  its  color  which  has  a  sensation  value  containing  a  greater 
proportion  of  red  rays  than  day  light;  its  actinic  effect  upon  materials 
used  in  manufacturing  processes;  and  the  fact  that  it  is  unidirectional 
and  of  excessive  intensity  resulting  in  glare,  sharp  shadows  and 
contrasts. 

3  Diffusion  of  daylight  in  sawtooth  buildings  is  obtained  by 
placing  the  sawteeth  so  that  the  glass  or  Ughting  area  faces  the 
northern  sky;    sufficient  intensity  being   dependent,  among  other 
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things,  upon  the  size  and  slope  of  the  lighting  area.  EvenneM  of 
distribiUion  is  procured  by  properly  apportioning  the  lighting  areas. 
The  amount  of  direct  sunlight  admitted  daily,  the  time  of  its  admis- 
sion, and  its  duration  are  evidently  dependant  upon  three  considera- 
tions, the  last  two  of  which  may  be  varied  within  certain  practical 
limits.    They  are : 

a    The  day  of  the  year,  determining  as  it  doed  the  sun's  path 

across  the  sky 
b    The  direction  in  which  the  lighting  area  faces  as  regards 

the  points  of  the  compass 
c    The  slope  of  the  Ughting  area. 

4  For  a  given  Ughting  area,  a  variation  in  its  slope  is  accom- 
panied by  a  very  appreciable  change  in  the  amount  of  dayli^t 
admitted,  as  will  be  demonstrated  later.  That  is,  as  the  pitch  of  the 
lighting  area  is  made  steeper,  the  amoimt  and  duration  of  direct 
sunUght  entering  the  bmlding  is  lessened,  and  at  the  expense  of  the 
general  illumination.  Conversely,  as  the  slope  of  the  lighting  area 
is  decreased,  the  intensity  of  dayUght  is  correspondingly  inereaaed^ 
but  there  also  is  concurrent  therewith  a  greater  amount  and  duration 
of  direct  sunlight. 

5  The  question  then  becomes:  How  steep  should  this  slope  be? 
What  is  the  proper  balance  between  the  two  contending  requirements 
of  Uttle  sunUght  and  much  dayUght?  Also  at  what  time  of  day  wiU 
the  direct  solar  rays  fall  upon  the  working  plane,  in  what  locations 
and  volume,  and  for  how  long  a  period? 

6  Naturally,  no  general  answer  can  be  given  to  these  questions. 
Each  individual  problem  should  be  worked  out  only  after  careful 
study  has  been  made  of  the  particular  conditions  and  requirements 
which  have  to  be  met,  not  excluding  first  cost.  In  the  Southern 
States,  for  example,  the  tendency  is  to  adopt  a  more  nearly  vertical 
lighting  area  than  in  the  northern  part  of  the'United  States  or  Canada, 
on  account  of  the  greater  altitude  of  the  sun  and  its  intense  heat. 
Occasionally  it  has  been  found  advantageous  to  locate  machinery  so 
as  to  avoid  any  direct  sunlight  during  the  working  hours. 

7  With  a  view,  therefore,  to  clearing  up  such  questions  as  these, 
the  writer's  firm,  F.  P.  Sheldon  &  Son,  undertook  to  work  out,  in 
conjunction  \\ith  what  empirical  data  they  already  had,  a  rational 
method  of  design  for  sawtooth-roof  construction. 

8  The  subject  is  necessarily  divided  into  two  closely  related 
parts,  the  first  concerning  direct  sunlighi,  its  amount,  time  of  admi»> 
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sdon,  duration,  and  location  on  the  working  plane;  the  second  part 
relating  to  intensity  of  dayUght  upon  the  working  plane. 

Pabt  1.    The  Orientation  of  Sawtooth  Buildings  and 

THE  Slope  of  the  Lightinq  abba  as  Related  to  the 

Requibements  of  Least  Dibbct  Sunlight 

9  The  amount  of  direct  suplif^t  admitted  daily,  its  time  of 
admission  and  duration  are  dependant  upon  the  factors  given  in  a, 
b  and  c  of  Par.  3. 

10  In  the  practical  problem  of  the  sawtooth  roof,  the  effective 
slope  or  vertical  angle  of  the  lighting  area,  on  account  of  projecting 
jets,  gutters,  and  sash  rails,  and  the  interfer^ice  of  roof  rafters,  etc., 
is  greater  than  the  pitch  of  the  g^lass  itself.  This  often  amounts  to  as 
much  as  7^  to  l(f.  Similarly  the  horieonlal  angle  or  bearing  of  the 
lighting  area  with  respect  to  the  sun's  rays  may  be  greater  or  less  than 
the  nominal  angle  on  account  of  projecting  vertical  sash  bars,  etc. 
This  difference  often  amounts  to  as  much  as  5^  to  8^. 

11  The  position  of  the  sun  at  any  given  time  depends  upon  the 
latitude  of  the  place,  time  of  day,  and  calendar  date,  and  may  be 
obtained  from  standard  altitude  and  azimuth  tables.  Knowing 
this,  the  time  of  admission  and  duration  of  direct  sunlight  for  any 
day  of  the  year  may  be  calculated  as  follows: 

12  In  Fig.  1,  let  the  plane  determined  by  the  three  points,  A,  C 
and  D  represent  the  lighting-area  plane,  and  let  points  A,  B  and  E 
define  a  plane  parallel  with  the  horizon.  These  two  planes  intersect 
in  line  AF.  The  acute  angle  v  is  then  the  effective  slope  or  vertical 
angle  of  the  lighting-area  plane.  Also  let  line  AB  represent  the  hori- 
zontal direction  or  bearing  of  the  sun  with  respect  to  the  building 
at  any  assumed  calendar  date  and  time.  That  is,  angle  h  =  the 
difference  between  the  sun's  true  bearing  or  azimuth  and  the  true  cor- 
rected bearing  or  azimuth  of  the  lighting-area  ridges,  each  azimuth 
being  read  easterly  or  westerly  from  north,  according  to  whether 
morning  or  afternoon  conditions  are  being  computed. 

13  Now  pass  plane  ABC  through  AB  perpendicular  to  plane 
ABE,  cutting  the  Ughting-area  plane  ACD  inline  CD.  By  construc- 
tion this  plane  also  contains  the  sim's  altitude  line  through  point  A. 
Consequently,  it  is  evident  that  if  vertical  angle  x  is  greater  than  the 
altitude  of  the  sun,  a  condition  of  total  shade  exists  within  the 
building  at  the  given  time.  And  contrariwise,  if  x  is  less  than  the 
solar  altitude,  the  sun  is  in  front  of  the  plane  of  the  Ughting  area  and 
some  direct  sunlight  is  entering  the  building. 
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14    Now,  to  find  x  in  terms  of  v  and  h  (see  Fig.  1), 

AE  =  ED  coiv 
and  AB  =  ED  cot  x 

AE 


and 


cos  (90  -  fc)  = 


AB 


Substituting  in  the  last  equation  the  values  of  AE  and  AB, 

cot  t; 


whence, 
and 


cos  (90  -  fc)  = 


cotx 


.    ,      cot  V 

smh  =  — ;-- 

cotx 

tanx  =  sinh  tant; 


m 


A jJS:__\  _/ 


-B     ^ 


Fia.  1    To  Illustrate  Admission  and  Duration  op  DnuBcr  SuNuavr 


15  From  the  above  equation,  exact  infonnation  may  be  ob- 
tained as  to  the  time  of  admission  of  direct  sunlight  and  the  number 
of  hours  of  its  duration.  The  following  example  illustratee  the 
method  of  procedure: 

Example  1.  Given,  a  sawtooth  building  located  in  north  lati- 
tude 36^.  Orientation  of  building  is  such  that  azimuth  of  sawtooth 
ridges  =  N.  99''  08'  E.  Angle  of  glass  »  TS"".  Required,  to  find  mm- 
light  conditions  on  June  10  (sun's  declination  23°  N.)- 

16  By  inspection,  according  to  azimuth  tables,  8unli|^  will 
enter  the  building  from  sunrise  until  at  least  9: 20  a.m.  local  apparent 
time,  because  the  sun's  azimuth  up  to  then  is  less  than  that  of  the 
sawtooth  ridges.  The  method  now  consists  in  finding  by  trial  at 
what  time  the  sunUght  entirely  disappears  from  the  shed. 
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17  Assume  10:20  a.m.,  at  which  apparent  time,  according  to 
the  tables,  the  sun's  azimuth  «  IW*  08'  E.,  and  its  altitude  61''  46'.. 
Now,  V  ==  73^  plus  a  correction  for  projecting  jetSy  gutterSi  etc.,  as 
previously  explained.  (This  may  be  found  from  detailed  section  of 
building  and  will  here  be  assumed  as  7®.)  Then  v  =  73^+7^  =  80^ 
Also,  applying  the  correction  as  explained  in  Par.  10, 

h  =  114^*08'  -  (99**  08'  -  6*)  =  20*'. 
Entering  Equation  [1], 

tans  =:  sin 20^ tan 80^ 

whence  x  =  62**  43'. 

18  Since  at  this  time  the  solar  altitude  (64**  46')  is  greater  than 
X,  a  small  angle  of  sunlight  is  entering  the  shed.  The  above  process 
may  be  repeated  with  a  slightly  larger  assumed  value  of  A,  with  the 
result  that  within  a  few  minutes  all  direct  sunlight  will  be  found  to 
be  entirely  excluded  from  the  building. 

19  To  obtain  afternoon  conditions,  the  operation  should  be 
further  continued  until  such  time  as  sunlight  is  found  to  reenter.  In 
this  casQ,  instead  of  assuming  the  time  and  computing  h,  the  reverse 
method  will  be  pursued  and,  as  a  further  short  cut,  it  may  be  reasoned 
that  since  the  lighting  area  faces  cdightly  toward  the  east  (that  is,  N, 
9^  08'  E.),  h  at  the  transition  period  will  be  less  than  in  the  morning. 

20  The  westerly  azimuth  of  the  sawtooth  ridges  is  now  used  for 
reference  with  the  tables  and  equals  90°  0'  -  9°  8'  =  80**  52'.  Try 
h  =  6**,  at  which  time  the  sun's  azimuth  becomes  (80**  52'  —  5**)  + 
6°  =  81**  52',  the  apparent  time  being,  from  the  tables  4:34  pjn., 
and  the  sun's  altitude  being  from  the  tables  30**  10'.  Entering 
Equation  [1], 

tan  X  =  sin  6**  tan  80** 

whence  x  =  30**i;41' 

21  Since  x  is  0**  31'  greater  than  the  solar  altitude,  it  is  evident 
that  no  direct  sunlight  is  entering.  However,  this  angular  difference 
is  very  slight  and  if  the  computations  were  carried  on  a  step  further, 
sunlight  would  be  foimd  to  come  in  approximately  five  minutes  later. 

22  In  this  case  then,  on  Jime  10  a  condition  of  total  shade  exists 
within  the  building  from  approximately  9:20  a.m.  until  4:34  p.m., 
local  apparent  time.  This  time  is  different  from  standard  time,  the 
proper  allowance  should,  of  course,  be  made.  Furthermore,  an  addi- 
tional correction  must  be  applied  in  places  where  the  daylight  saving 
plan  is  in  effect. 
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23  Generally  it  will  be  found  advisable  to  solve  a  given  problem 
for  at  least  two  sets  of  conditions,  that  of  the  longest  day  of  the  year 
(June  21,  declination  23i°N.)  and  the  average  day  of  the  year 
(March  21  and  Sept.  23,  declination  0"*). 

24  In  the  example  above,  it  will  be  noted  that  the  duration  of 
total  afternoon  shade  is  4  hr.  and  34  min.  and  is  considerably  greater 
than  the  duration  of  morning  shade,  which  is  only  2  hr.  and  40  min. 
This  is  due  to  facing  the  lighting  area  slightly,  (9°  8')  toward  the 
east,  and  suggests  quite  a  range  of  possibilities  as  regards  orientation. 

25  By  appljdng  the  principles  of  descriptive  geometry,  the 
amount  and  location  of  direct  sunlight  at  any  given  time  may  be 
obtained,  if  desired,  by  finding  the  lines  in  which  the  solar  rays 
through  the  top  and  bottom  limits  of  the  lighting  area  intersect  the 
working  plane  —  the  direction  of  these  rays  being  taken  from  alti- 
tude and  azimuth  tables.  It  may  also  in  this  case  be  necessary  to 
include  the  effect  of  side  walls,  division  walls,  etc. 

26  For  convenience.  Table  1  is  presented,  giving  different  values 
of  X  for  assumed  values  of  A  as  applied  in  the  second  method  of 
Example  1.  Its  use  makes  unnecessary  any  reference  to  trigono- 
metrical tables,  unless  closer  results  are  desired,  for  angles  not  given. 

Part  2    The  Relative  Intensity  of  Diffused  Daylight 

Received  from  the  Northern  Sky  as  Influenced  bt 

THE  Size  and  Slope  of  the  Sawtooth 

Lighting  Area 

27  It  doubtless  has  been  noted  that,  by  essence,  Part  1  lends 
itself  to  exact  mathematical  solution.  This  is  not  the  case,  however, 
with  Part  2,  for  which,  as  will  be  explained  later,  the  answer  is  not  to 
l)c  found  so  precisely  on  account  of  the  necessity  of  introducing 
certain  more  or  less  arbitrary  and  variable  factors.  It  should 
therefore  be  applied  only  with  discrimination  and  strict  regard  for 
its  practical  limitations. 

28  The  total  amount  of  diffused  dayhght  entering  a  building 
through  sawtooth  sash  and  made  available  for* use  (direct  sunlig^it 
being  excluded)  may  be  analyzed  as  consisting  of: 

d  =  light  from  the  sky  only  direcUy  incident  upon  the  work* 

ing  plane 
rd  =  liglit  from  the  sky  only  direcUy  incident  upon  the  under 
side  or  ceiling  of  the  sawtooth  roof  and  thence  bong 
diffusely  reflected  to  the  room  below  (one  reflection) 
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nc  =  combined  lig^t  from  the  mn  and  Ay,  difiEusdiy  reflected 
from  the  upper  outdoor  suifaoe  of  the  adjaoent  saw- 
tooth roof  directly  to  the  room  bdow  (one  reflectioii) 
r^  —  combined  li^t  bom  the  eun  and  dcy,  diffusely  lefleeted 
from  the  upper  outdoor  surfaoe  ol  the  adjacent  saw- 
tooth roof,  to  the  under  ade  or  ceOiiig  of  the  sawtooth 
in  question  and  thence  being  again  diffusely  reflected 
to  the  room  below  (two  reflections). 
29    The  total  amount  of  light  entering  the  building  due  to  the 
summation  of  the  above  four  elemental  quantities  is  therefore 

L-^d  +  rd  +  nc  +  r^ [S] 

TABLE  1  SHOWING  VALUES  OF  (i)  IN  TBBUS  OF  0)  AND  (i) 


*• 

zfart -70* 

sfarv-71* 

slort  —  TS* 

slDr«-80* 

s 

8*U' 

U*Oi' 

u'or 

irir 

5 

ia*28' 

irir 

»*ir 

irir 

7 

WJO' 

N'tt* 

wsr 

M*8r 

10 

»•»' 

»*5r 

10*  M' 

44*8r 

15 

S6*S8' 

44*01' 

50*40* 

55*44' 

SO 

4»*15' 

51*51' 

«1*05' 

tt*a' 

25 

40*15' 

57*50' 

oi*8r 

9rtr 

» 

65*50' 

01*  40* 

05*  or 

TO*  84' 

35 

57*30' 

04*58' 

00*41' 

72*50' 

40 

00*30' 

07*22' 

71*42' 

74*40' 

50 

04*30' 

70*45' 

74*30' 

77*03' 

80 

07*  15' 

72*48' 

70*12' 

78*30' 

70 

08*49' 

74*05' 

77*18' 

70*  2r 

80 

09*44' 

74*47' 

77*50* 

70*52' 

00 

70*0' 

75*0' 

78*0' 

80*0' 

30  In  the  following  derivations  for  each  of  the  above  four  quan- 
tities, it  will  be  noted  that  the  individual  values  obtained  (and  there- 
fore also  the  total  value  L)  are  purposely  not  expressed  in  terms  of 
any  particular  standard  unit  of  flux  or  intensity  of  illumination.  On 
the  contrary,  they  represent  only  the  relative  or  comparative  amounts 
of  light  furnished  under  their  several  respective  headings.  And  for 
the  analytical  purposes  of  design,  it  is  believed  that,  on  account  of 
the  extreme  variability  of  natural  light  from  day  to  day  and  from 
hour  to  hour,  the  use  of  these  values  should  prove  to  be  fully  as 
satisfactory  as  if  they  were  expressed  in  some  such  term  as  "foot- 
candles"  of  intensity.  Especially  is  this  true  in  view  of  the  fact 
that  they  may  be  employed  in  conjunction  with  corresponding  values 
computed  for  existing  buildings  and  of  known  degree  of  excellence  as 
r^^ds  natural  illumination. 
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31  However^  the  intenaily  of  iSumiiiation  in  foot-cancDeB  oould 
doubtlesB  be  appnndmatedy  if  desired^  for  a  given  set  of  conditionBi 
by  applying  a  theoieticany  or  e]q>erifnentally  detennined  constant, 
based  correspondin^y  on  the  sun's  positicHiy  general  atmoqdieiic 
conditions,  Idnd  of  {^bEus,  whether  sinfl^  <Hr  double-f^htied,  whiteness 
of  roof,  etc. 

Delerminaiian  cf  ike  quantUy  "d"  or  UgJU  frcm  the  sly,  dtbtdSLy 
inddefU  upon  the  working  picme,  me  Fig.  % 

32  In  arriving  at  the  quantity  <rf  li|^  represented  by  this 
heading,  one  of  the  basic  assumptions  is  that:  The  inieneilty  qf  dby- 
Ught  upoUf  or  the  amouni  qf  akyUght  tranemiUei  tkroughf  a  given  point 
in'space  is  direeOy  proporUonal  to  the  extent  or  ootid  angle  of  Ay  to 
which  U  ie  expooed.  This  carried  a  step  further  and  accommodated 
to  the  requirements  of  the  problem  in  question,  reads:  The  inteneity 
of  skylight  upon^  or  the  amouni  of  dcffiight  tranemitied  through,  a  gioen 
point  or  horieontal  line  is  dbretOy  proportional  to  ihe  vertieai  angle  of 
the  sky  to  which  ii  is  exposed,  praoiding  the  exposwres  in  a  horieontal 
direction  on  either  side  qf  that  ffertieal  angik  are  equal  and  symmetrioaL 

33  The  verity  of  the  above  statement,  of  course,  presupposes 
the  sky  to  be  of  uniform  brilliancy  througihout,  whereas,  as  a  matter 
of  fact,  it  is  known  to  be  brightest  near  the  sun  and  near  the  horison. 
However,  in  the  particular  problem  imder  consideration  any  error 
due  to  this  circumstance  should  be  relatively  small  for  the  reason 
that  the  sky  an^e  to  which  a  sawtooth  roof  is  exposed,  ordinarily 
embraces  a  fair  average  of,  and  at  certain  times  of  day,  practically 
the  complete  variation  of,  the  extremes  noted. 

34  Now  referring  to  Fig.  2,  it  is  evident  that  the  amount  of 
direct  skylight  admitted  by  the  typical  construction  shown  is  directly 
proportional  to  the  sum  of  the  total  number  of  d^rees  of  sky  which 
each  imit  area  of  the  ''true  effective  area"  passes,  and  may  there- 
fore be  expressed  by  a  summation  of  the  product  of  the  above  unit 
areas  and  their  respective  sky  angles. 

35  By  inspection,  points  m,  r  and  n  transmit  directly  to  the 
working  plane  within  the  building  sky  angles  bi,  bi  and  bs,  respectively, 
the  average  sky  angle  transmitted  by  all  points  between  m  and  n 
being  very  closely 


a  (in  degrees)  = 


^~2~+^~2~ 
x  +  y 
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36  For  parallel  light  rays  making  an  angle  a  mih  the  li( 
area  plane,  the  ''true  effective  area''  would  be  s^^  sin  a,  where  Vfv  » 
area  of  opening  in  the  lighting-area  plane  as  d^ned  in  Fart  1, 
haying  a  height  of  X  +  y.  But  in  this  case,  as  will  be  seen  by  inq)eo- 
tion,  the  angular  direction  of  the  light  rays  passing  any  point  varies 
in  respect  to  the  plane  between  the  average  limits  of  lero  and  a. 
Therefore,  the  ''true  correq)onding  effective  area"  may  be  expressed 
by  8s+,  times  the  average  sine  of  this  variable  an^e,  between  the 
limits  of  zero  and  a.    This  average  sine  by  simple  integration  is  found 

to  equal where  an^e  a  is  in  radians.    If  e3q>re8Bed  in  terms 

of  degrees  as  before,  it  equals Whence 

True  effective  area  =  «h-  —  

T       a 

37  Let  F  =  the  floor  area  in  sq.  ft.  over  which  the  li^t  from 
area  Sx+w  ^  effective,  that  is,  ouq  span  or  sawtooth  in  laigth  and  a 
properly  chosen  assumed  width  corresponding  to  the  width  selected 
for  s»+p.    Then, 

180  versa 

d  (per  sq.  ft.  of  F)  = ^ ^- [3] 

38  In  computing  the  value  of  8»+y  proper  allowance  should  be 
made  for  the  obstruction  due  to  vertical  sash  bars,  etc. 

Determination  of  the  quantity  **rd"  or  light  from  the  dey  direcUy  in- 
cident  upon  the  under  side  or  ceiling  of  the  sawtooth  roof  and 
thence  being  diffu>sely  reflected  to  the  room  behw.    See  Fig.  3. 

39  By  inspection,  point  m  transmits  *to  the  under  side  of  the 
roof,  sky  angle  e  and  all  points  below  m  in  the  Ughting-area  plane 
transmit  continually  decreasing  angles  until  the  value  zero  is  reached 
at  r  and  below. 

40  Therefore,  the  average  sky  angle  transmitted  between  points 
m  and  r  is  closely  i  e,  being  effective  in  this  case  over  the  upper  part 
only  of  the  opening  in  the  plane  of  the  lighting  areaj  this  portion  being 
expressed  by  area  5,  in  sq.  ft. 

41  Some  of  this  light  will  be  absorbed  by  the  ceiling  itself,  the 
amount  depending  upon  the  color  and  other  surface  characteristics 
of  the  latter.  Let  Ri  represent  the  coefficient  of  reflection  of  this 
surface. 


L 
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42  Furthermore,  on  account  of  the  diffuse  reflection  from  the 
ceiling  some  light  is  reflected  back  throu^  the  glass  without  being 
utiUssed. 

43  For  simpUcity  of  computation  the  proportion  of  reflected 
light  utilized  to  the  total  may  be  taken  with  sufficient  accuracy  as 

D  =  — t^^tq-^  ,  since  the  amount  of  light  obtained  under  this  heading 

is  usually  relatively  insignificant. 

44  As  6  is  always  small  the  ''true  corresponding  effective  area" 
may  be  assumed  with  sufficient  accuracy  as  being  measured  at  right 
angles  to  the  average  direction  of  light  rajrs.    Whence, 

True  effective  area  =  «,  sin  f  6i  +  5  j 
Then, 


£iD|^fflnffri+|j 


rd  (per  sq.  ft.  of  F)  = „  '.    .    •    .    [4] 

DeiemnnaUan  qf  the  quantUy  *'  nc  "  or  combined  light  from  the  mm  and 
sky,  diffusely  reflected  from  the  upper  outdoor  surface  of  fhe 
adjacent  sawtooth  roof  direct  to  the  room  hdow  {see  Fig.  4). 

45  The  relative  illumination  obtained  imder  this  heading  is 
dependant,  among  other  things,  upon  the  amount  of  light  incident 
upon  the  roof  and  the  capacity  of  the  latter  to  reflect  it  to  the  interior 
of  the  building. 

46  Let  K  represent  the  average  ratio  of  the  intensity  or  quantity 
of  direct  sunlight  plus  skylight  incident  upon  one  square  foot  of  roof 
surface  as  compared  with  the  intensity  or  quantity  of  skylight  only 
incident  upon  and  passing  one  square  foot  of  Ughting  area  s^+y. 

47  The  relative  intensity  K  is  present  over  the  roof  area  within 
the  useful  angle  v  of  the  figure.  Let  Si  represent  the  ratio  of  this 
eflFective  roof  area  to  the  lighting  area  «*fy.  As  before,  some  of  this 
light  will  be  absorbed  by  the  roofing  itself,  the  amount  depending 
upon  the  color  and  other  surface  characteristics  of  the  latter.  Let 
Rt  represent  the  coefficient  of  reflection  of  the  roofing  material. 

48  The  reflection  of  this  amount,  iJi,  will  very  closely  follow  the 
cosine  law  of  diffuse  reflection,  the  proportional  amount  included 
within  any  vertical  angle  q  from  any  point  p  being 

m 

7z — -  (where  q  is  expressed  in  radians) 
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and  represented  graphically  by  shaded  portion  of  tangent  circle 
(Fig.  4). 

49  As  the  amount  of  light  obtained  under  this  heading  is  usually 

relatively  insignificant,  it  i¥ill  be  sufficiently  accurate  to  compute  the 

total  proportional  amount  as  *  ' 

p  _q     sin2g 
ri s — 

50  Now,  since  from  the  previous  equations,  [3]  and  [4],  the 
measure  of  the  quantity  of  direct  dq^g^t  inddmd  upon  and  passing 

area  8x+y  was  taken  as  d  +  -g-^.  f  then  it  f oDows  that 

iCiU 

nc^KSiBtPi(d  +  ^ [6] 

Determination  of  the  quantity  'Vsc"  or  combined  light  from  the  sun  and 
sky  diffusely  reflected  from  the  upper  outdoor  swrfaes  of  the 
adjacent  sawtooth  roof  to  the  under  side  or  ceUing  of  the  saurioofh 
in  question,  thence  being  again  diffusdy  reflected  to  Oie  room 
below.    {Two  reflections,  —  see  Fig.  5.) 

51  The  relative  illuminaticm  obtained  under  this  heading  is  also 

dependent,  among  other  things,  upon  the  amount  of  light  incident 
upon  the  roof  and  the  capacity  of  the  latter  to  reflect  it  to  the  interior 
of  the  building.  Let  K  and  jSi  represent  the  ratios  of  light  intensity 
and  areas  as  explained  previously,  with  the  exception,  however,  that 
(on  account  of  the  fact  that  for  a  portion  of  the  year  the  sawtooth 
valleys  may  be  shaded  from  the  sun's  ra3rs  and  consequently  are 
useful  only  in  reflecting  a  negligible  amount  of  skylight)  the  ratio  St 
in  this  case  should  be  computed  for  a  roof  area  included  between  the 
sawtooth  ridge  and  a  horizontal  line  part  way  down  the  roof  repre- 
senting the  average  shade  line  on  the  average  day  of  the  year.  This 
may  readily  be  obtained  by  applying  the  principles  of  Part  1. 

52  As  before,  let  Ri  and  R^  respectively  represent  the  coefficients 

of  reflection  of  the  ceiling  and  roofing  material.    Furthermore,  the 

proportion  of  reflected  light  included  within  any  vertical  an^  a  from 

any  point  on  the  roof  equals,  according  to  the  cosine  law  of  diffuse 

reflection, 

a       sin  2a,,  .  .  .         j.       x 
i^-     (where  a  is  expressed  m  radians) 

and  is  graphically  represented  by  the  shaded  portion  of  the  tang^t 
circle  (see  Fig.  5). 
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53  The  average  value  for  this  expression  between  the  limits 
a  =  02  and  or  =  ^i  is  therefore 

^'    67^1 

^  ^2  +  ^1  _  8in_(^2  +  ^i)  sin  (^2  -  ^i) 

where  $2  and  di  are  measured  in  radians. 

54  The  above  expression  may  be  taken  as  the  proportioiial 
amount  passing  the  lighting  area  since  the  amount  excluded  between 
the  Umits  ^  and  0i,  is  usually  relatively  insignificant.  However, 
this  proportion  may  be  calculated  from  the  same  formula  if  desired 
and  subtracted  from  Pa- 

55  Since  the  intensity  of  Ught  received  by  the  ceiling  varies 
considerably  from  ridge  to  valley,  the  total  useful  quantity  may  be 
obtained  accurately  only  after  a  more  complex  operation  than  that 
involving  Pi  above;  and  for  simplicity,  therefore,  as  in  computing 

rdf  this  proportion  may  be  taken  as  D  =  — iftn®^'     ^*  ^  believed 

that  this  assumption  is  sufficiently  accurate  for  the  purposes  of  the 
problem,  D  usually  representing  a  considerable  proportion  approxi- 
mating 70  per  cent.  Therefore,  following  out  the  same  reasoning  as 
for  Equation  [5], 

r^c  (per  sq.  ft.  of  F)  =  KSJtiRiPtD  Id  +  ^)  ...     [6] 

56  The  following  example  illustrates  the  method  of  prooedure. 
Example  2.    Given,  the  same  typical  sawtooth  roof  as  in  Ekample 

1 ,  having  angle  of  glass  =  73  deg. :  Required  to  find  the  total  amount 
of  daylight  entering  —  that  is,  quantity  L,  Equation  [2]. 

First  to  find  quantity  d.  Equation  [3].  From  the  detailed  build- 
ing sections,  it  is  found  that 

6i  =  72°  30';  6,  =  86^  6,  =  80^  x  =  44";  y  -  22"; 

whence 

..72.5  +  86  ,  ^86  +  80 
44        rt         +22 


and 


a  = ' gg 80^30' 


180  versa       180(1  -0.165)      ^  -^ 

= 577"^ ~  U.ojW 

T        a  oU.o  T 


57    Let  the  computations  be  based  on  a  section  of  the  sawtooth 
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having  a  width  of  one  sash,  i.e.»  8'  3'',  the  latter  having  a  net  width 
of  ^ass  equal  to  TZ".  The  length  of  span  between  vaD^ys  is 
IT  v.    From  the  foregoing, 

8^^  =  7.25  X  5.5  =  39.9 sq.ft.  and  F  -  17  X  8.25  »  1408q.ft. 

Therefore  entering  Ekjuation  [3], 

,     80.5  X  39.9  X  0.592      -«  ^ 
d  = ^ 13.6. 

To  find  quanty  rd,  Equation  [4]. 

58  From  the  detailed  building  sections  it  is  Ibund  as  btfore  that 
Ox  =  72*^30';  X  =  44";  e  =  25^30';  a  -  40^-  Basing  the  ocmipu- 
tation  on  the  same  length  of  sawtooth  as  btf  ore, 

8s  »  7.25  X  3.66  =  26.5  sq.  ft. 

F  =  140  sq.  ft. 
also, 

180-55^ 

"         180         "•' 

59  Assume  that  ceiling  of  sawt4)oth  roof  is  painted  idiite  having 
coeflBdent^of  reflection  Ri  =  0.60.    Then,  entering  Equation  [4], 

,     0.6  X  0.7  X  12.75  X  26.5  X  ain(72»a0'+ 12"460      , 
rd : 140 1 

which  is  relatively  small  compared  with  d. 
To  find  quantity  nc,  Equation  [5]. 

60  From  the  detailed  building  sections,  it  is  found  that  q  =  15^ 

=  0.26  radians,  whence 

^       0.26       sin  30^      ^^^, 
Pj  =  }^:f!^  -  ^^^  ^  0.004 

61  According  to  a  publication  entitled  The  Sun,  by  Charles  G. 
Abbott,  S.M.,  Director  Smithsonian  Astrophysical  Observatory,  the 
average  intensity  of  sunlight  plud  skylight  on  the  sawtooth  roof  itself 
may  be  deduced  as  being  during  working  hours,  and  for  ordinary 
atmospheric  conditions,  four  or  five  times  that  of  skyli^t  on  the 
lighting-area  plane.    Therefore,  let  Jf  =  4. 

62  Si  from  the  detailed  sections  is  found  to  be  2.3.  Assume  the 
roof  to  be  covered  with  clean  white  slag  having  a  coefficient  of  re- 
flection =  0.5.    Then,  entering  Equation  [5], 

nc  =  4  X  2.3  X  0.5  X  0.004  n3.6  +    ^     ^  =  0.3 

63  This  quantity,  represented  by  Equation  [5],  is  usually  so  small 
that  it  may  be  omitted  entirely  from  the  computations. 

To  find  quantity  rjc.  Equation  [6]. 
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64    From  the  detailed  building  sections  it  is  found  that 

^  =  80"*  =  1.4  radians 
^1  =  24"*  =  0.42  radian 
whence 

e^  +  ei  =  1.82  radians,  and  sin  (^2  +  ^1)  =  0.97 
^2  -  ^1  =  0.98  radian,  and  sin  (^2  -  ^1)  =  0.829 

Therefore, 

^       1.82      0.97  X  0.829      ^  ,^ 

^'  =  ~2V  "  "2^X0798"  "  ^'^^ 

S2  is  found  to  equal  in  this  case  2.7. 

X  =  4,  fti  =  0.6,  ft  =  0.5,  and  D  =  0.7,  as  before.    Therefore, 
entering  Equation  [6], 

rjc  =  4  X  2.7  X  0.6 X  0.5  X  0.16  X  0.7 f  13.6  +  AgVo?)  "*  ^'*' 
whence,  Equation  [2] 

L  =  13.6  +  1.0  +  0.3  +  5.8  =  20.7. 

This  total  quantity  may  be  compared  with  corresponding  values 
computed  for  existing  sawtooth  buildings  of  known  degree  of  excel- 
lence as  regards  intensity  of  natural  illumination. 

65  In  case  additional  illumination  is  required  an  alternate 
design  having  increased  glass  area  or  a  flatter  slope,  or  both,  might  be 
considered,  and  in  this  connection  it  is  interesting  to  note  that  if  the 
pitch  is  decreased  by  only  10°,  the  glass  area  remaining  the  same,  L 
figures  out  to  be  increased  by  about  15  per  cent.  On  the  other  hand, 
assuming  the  building  placed  as  in  Example  1  and  applying  the 
principles  of  Part  2,  it  is  found  that  considerable  sunlight  will  enter 
for  the  entire  day.  That  is,  the  period  of  total  shade  would  be  de- 
creased on  June  10  from  over  7  hr.  to  zero,  or  a  condition  of  oon* 
tinuous  direct  sunlight. 

66  This  information,  when  extended  to  comprehend  that  for 
other  days  of  the  year,  including  the  days  of  average  length,  and  when 
used  in  conjunction  with  the  particular  conditions  and  requirements 
of  the  problem  in  question  should  facilitate  the  selection  of  the  most 
advantageous  design. 

67  Various  means  have  been  adopted  to  exclude  direct  sunli^t 
from  the  interior  of  such  buildings  and  all  of  them  seem  to  have  the 
disadvantage  of  reducing  the  total  ilUimination.  Sawtooth  buildings 
with  glass  vertical,  that  is,  with  the  effective  angle  of  the  lighting 
area  actually  overhanging,  are  not  uncommon;  whitewashing  the 
glass  results  in  some  protection  against  direct  solar  rays  and  a  cooler 
interior  but  also  in  glare  and  considerable  loss  of  hght,  the  latter  being 
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espedaDy  noticeable  on  dark  days  and  when  the  sun  isQ  ot  shining  in 
the  shed;  deeply  ribbed  f^ass  produces  ^are. 

68  Whatever  f^ass  is  used,  clftanTiniwB  is  essential;  furtbennore 
the  significance  of  Equation  [6],  indicating  the  poflsihle  average 
relative  amount  of  reflected  lif^t,  emphawiifiH  the  importance  of 
adopting  where  practicable,  lif^t-cokued  roofing  materiab  such  as 
white  slag,  and  also  the  use  of  white,  dust-iesistmg^  washable  paints 
upon  sawtooth  ceilings  of  buildingB  in  idiich  maximum,  dajyUj^t  is 
desired.  If  either  of  the  above  surfaces  had  been  black,  the  average 
reduction  in  daylif^t  for  Example  2  would  have  been  equivaleiit  to 
30  per  cent,  or,  eaq>ressing  it  another  way,  the  increased  li^t  resulting 
from  their  use  amounts  to  over  40  per  cent. 

As  heioie  noted,  Pftrt  2  oi  the  paper  should  be  applied  only  with 
due  r^ard  to  its  practical  limitaticms.  It  furnishes  a  means  of 
comparison  with  known  designs  and  is  based  on  fair-weather  condi- 
tions and  with  sunlight  on  the  building  as'a  idiole.  During  doudy 
weather  the  amount  of  useful  h^t  contributed  from  the  top  of  the 
sawtootii  roof  is,  of  course,  decreased,  but,  on  the  other  hand,  the 
quantity  of  direct  sksiigjit,  which  has  been  found  to  constitute  the 
major  portion  of  the  total,  is  often  thereby  considerably  increased 
depending  upon  the  relative  brightness  of  the  douds. 

69  From  the  foregoing  analyses  it  is  evident  that  the  hei^t  of 
valley  {T,  Fig.  5)  for  a  given  construction  should  be  made  as  low  as 
consistent  with  protection  against  the  elements,  including  snow  and  ice. 
And  it  is  a  happy  coincidence  that  in  the  South,  where  some  difficulty 
is  often  encountered  in  obtaining  the  desired  intensity  of  daylight  (on 
account  of  the  increased  slope  of  the  glass  which  it  is  felt  necessary  to 
adopt),  the  lighting  area  may  be  considerably  augmented  by  using  a 
shallower  valley  than  would  be  considered  advisable  in  the  North. 

70  Furthermore,  it  will  be  seen  that  for  a  given  building,  the  use 
of  a  small  number  of  lar^^enscale  sawteeth  as  against  a  greater  number 
of  smaller  imits  having  the  same  pitch,  results  in  considerably  in- 
creased daylight  due  to  fewer  number  of  valleys  of  height  T,  and 
consequently  less  proportionate  obstruction.  This  principle,  of 
course,  should  be  applied  with  due  regard  to  structural  limitations  and 
architectural  considerations  which  may  be  involved,  together  with 
the  important  question  of  evenness  of  dayUght  intensity. 

71  It  is  also  worthy  of  note  that  the  adoption  (for  the  reasons 
above  outlined)  of  flatter  sawteeth  with  increasing  terrestrial  lati- 
tudes works  out  well  in  conjunction  with  the  heating  requirements, 
since  it  results  in  less  cubage  and  radiating  surface. 
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DISCUSSION 

Wm.  T.  Magruder  (written).  This  paper  is  unusual  as  it 
represents  the  use  of  the  higher  mathematics  as  a  tool  in  architec- 
tural proportion  and  design  and  an  effort  at  a  rational  method  of 
proportioning  the  elements  entering  into  the  design  of  a  sawtooth 
roof.  One  element,  however,  seems  not  to  have  been  considered 
by  the  author,  namely,  the  distance  from  the  floor,  or  from  the  level 
of  the  working  area,  to  the  center  of  the  sash  and  on  which  the 
evenness'  of  distribution  of  illumination  in  part  depends.  Again , 
the  pitch  and  the  height  of  the  sawteeth  for  greatest  evenness  of 
illumination  are  each  a  function  of  this  same  vertical  distance.  The 
number  of  variables  and  the  assumptions  which  have  to  be  made  do 
not  cause  the  problem  to  be  one  of  easy  and  complete  analytical 
solution. 

When  in  1907  it  was  decided  that  the  new  engineering  laboratory 
of  The  Ohio  State  University  should  have  a  sawtooth  roof  facing  thwe 
north,  that  the  bottom  of  the  trusses  should  be  22  ft.  3  in.  from  the 
floor  and  16  ft.  apart  on  centers,  that  the  pitch  of  the  teeth  should 
be  30  ft.,  the  problem  of  the  angle  of  slope  and  the  height  of  the  glass 
in  the  north  sash  was  solved  by  the  university  architect,  Prof.  Joseph 
N.  Bradford,  M.E.,  by  the  experimental  method  rather  than  by 
either  the  analytical  or  empirical  methods.  The  university  astron- 
omer. Prof.  Henry  C  Lord,  B.Sc,  gave  the  height  of  the  sun  on  June 
21,  and  the  angle  of  the  true  slope  was  made  16  deg.  such  that  the 
direct  rays  of  the  sun  do  not  enter  the  building  during  the  working 
hours,  or  from  8.00  a.m.  to  5.00  p.m.  The  overhang,  measured 
normal  to  the  glass,  is  3  in.  The  actual  slope  of  the  glass  is  18  deg. 
The  architect  made  a  model  of  the  building  (115  ft.  by  310  ft.)  to  a 
scale  of  ^  in.  to  the  foot,  having  the  above  proportions  of  height 
from  floor,  pitch,  glass,  etc.,  and  with  the  roof  having  three  different 
heights  of  glass,  and  exposed  a  single  sheet  of  photographic  paper  in 
the  |x)8ition,  to  scale,  of  3  ft.  al)ove  the  floor  under  the  entire  model. 
The  model  was  placed  on  the  north  side  of  a  building,  was  protected 
from  reflected  light,  and  exposed  only  to  the  diffused  light  from  the 
clear  northern  sky.  On  development  this  one  sheet  showed  by  the 
relative  evennesses  of  distribution  and  the  relative  intensities  of 
lighting  which  height  of  glass  was  preferable  and  gave  the  naost 
uniform  illumination.  As  the  result  of  this  experiment,  the  hei|^t 
of  the  slope  of  the  roof  trusses  was  made  9  ft.  on  centers  for  the  30-ft. 
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span  on  centers.  The  glass  is  69  in.  long,  net.  It  starts  42^  in.  from 
the  bottom  of  the  trusses,  or  25  ft.  9}  in.  fnmi  the  floor.  The  top  of 
the  glass  is  13  in.  vertically  below  the  top  of  the  Tool.  The  length  of 
the  incline  is  8  ft.  4}  in.  to  the  crown  of  the  gutter.  The  top  of  the 
roof  is  8  ft.  from  the  crown,  and  8  ft.  5  in.  from  the  low  point  of  the 
gutter.    The  bottom  of  the  glass  is  from  18  to  23  in.  above  the  gutter. 

Those  who  have  visited  the  building  and  seen  its  illumination  can 
appreciate  the  success  which  attended  this  novel  and  original  method 
of  solving  the  problem. 

Still  another  novel  solution  of  an  architectural  or  building  prob- 
lem was  ^ected  in  the  design  of  the  trusses  over  the  boiler  room* 
This  room  is  without  columns,  46  ft.  10  in.  between  brick  walls,  and 
has  a  two^itch  sawtooth  roof  over  it  with  the  bottom  of  the  Moris 
trusses  22  ft.  3  in.  above  the  floor,  and  48  ft.  span  on  centers.  These 
Morris  trusses  are  ccHnpoeed  of  two  half  Fink  truflses  with  a  com- 
pression member  connecting  the  tops  or  tips  of  the  teeth  of  the  two 
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Fig.  6    Two-Pitch  Sawtooth  Roof  Truss 

half-trusses.  See  Rg.  6.  The  use  of  a  sawtooth  roof  over  a  boiler 
room  and  without  the  use  of  columns  is  t];^ought  to  have  been  novel  at 
the  time.  It  has  proved  that  boiler  rooms  of  this  size  and  kind  do 
not  have  to  be  dark  and  that  they  can  be  as  well  illuminated  by 
diffused  daylight  as  are  shop  buildings.  Credit  for  the  solution  of 
this  problem  in  this  way  is  due  to  Clyde  T.  Morris,  C.E.,  professor 
of  structural  engineering,  The  Ohio  State  University. 

It  is  thought  that  this  same  construction  could  be  wisely  used  in 
the  design  of  shop  and  factory  buildings  and  sheds,  where  good 
daylight  illumination  is  a  desired  feature  and  where  the  absence 
of  columns  and  their  corresponding  dead  floor  spaces  and  the  greater 
freedom  in  locating  machinery  and  aisles  would  more  than  offset  the 
extra  cost  of  the  roof  construction. 

F.  J.  HoxiE  briefly  commented  on  the  paper,  saying  that  one 
advantage  of  the  sawtooth  roof  which  the  author  had  not  mentioned 
was  the  reflection  of  the  heat  in  summer  time.  Nearly  every  summer 
the  company  with  which  he  was  connected  found  it  necessary  to  shut 
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down  for  a  day  or  two  owing  to  the  excessive  sunshine,  and  with  a 
white  roof  this  could  be  reduced.  As  far  as  he  knew,  that  was  the 
only  practical  method  of  getting  an  equal  advantage  in  winter. 

The  Author.  Referring  to  Professor  Magruder's  comments^ 
Formula  [2],  Par.  29,  by  definition,  gives  the  total  light  erUering 
the  building,  which  quantity  is,  of  course,  wholly  independent  of  the 
question  of  evenness  of  light  distribution.  The  latter  element  is, 
however,  of  considerable  importance  and  may  be  obtained  as  in- 
dicated in  Pars.  3  and  70  by  properly  apportioning  the  lighting  areas. 
That  is,  for  a  given  intensity  and  evenness  of  light,  a  low-studded 
building  would  require  a  greater  number  of  small-size  sawteeth  or 
light  sources  than  a  building  with  a  high  story,  although  the  total 
amount  of  Ught  might  be  the  same  for  each. 

This  problem  is  readily  solved  by  the  application  of  analytical 
methods  not  within  the  scope  of  this  paper,  —  it  being  found  generally 
advisable  to  adopt  a  ratio  of  span  to  height  of  center  of  glass  area 
above  floor  not  exceeding  If.  The  question  of  overlapping  in  this 
case  is  analogous  to  that  when  artificial  illuminants  are  used  for 
light  sources.  Outside  the  matter  of  evenness  of  distribution,  story 
height  does  not  affect  the  general  result  unless  the  atmosphere  happens 
to  be  laden  with  dust,  smoke  or  vapor.  The  use  of  white  surfaces 
furthermore  aids  in  effecting  diffusion  and  evenness  of  intensity  by 
producing  reflected  Ught  (rsc  and  rd)  opposite  in  general  direction 
to  the  direct  illumination. 

Part  1  of  the  paper  is  a^  matter  of  exact  analysis  and  solution, 
but  I  would  not  have  been  surprised  to  have  heard  some  adverse  oom- 
ment  to  the  effect  that  the  several  factors  in  Part  2,  regarding  which 
certain  assumptions  were  necessary,  might  introduce  appreciable 
errors  in  the  computations.  In  this  connection,  however,  it  should 
be  noted  that  the  assumptions  affect  only  the  quantity  of  refleded 
light,  which,  it  can  be  definitely  shown,  amounts  in  general  to  less 
than  30  per  cent  of  the  total.  That  is,  Equation  [3],  which  expreases 
by  far  the  major  portion  of  light,  is  unaffected  by  any  appreciable 
approximation.  It  will  be  seen,  therefore,  that  even  a  considerable 
error  in  the  derivation  of  one  or  all  the  variable  factors  in  Equations 
[4],  [6]  and  [6],  governing  reflected  light,  is  greatly  minimised  in  per- 
centage when  applied  to  the  total.  And  in  comparing  roofs  with 
black  surfaces,  this  error  is  reduced  to  zero,  since  the  last  three  tenns 
of  Equation  [2]  disappear  entirely.  In  fact,  for  all  ordinary  compu- 
tatioihs,  when  comparing  roofs  with  white  surfaces,  it  will  often  be 
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REFRIGERATING  PLANT  EFFICIENCY 

*  By  Victob  J.  AzBB,  St.  Loxtis,  Mo. 
Aflsociate-Member  of  the  Society 

The  paper  deals  with  the  conditions  prevailing  in  the  majorUy  of  ice  pkmls  and 
nakes  suggestions  in  regard  to  increasing  the  efficiency  of  their  operation. 

The  variations  of  the  load  factor  shotdd  he  coneidered  in  sdecHng  the  size  ofboUer, 
ligh  hoUer  efficiency  depends  more  upon  design  and  vnteBigeni  operation  than  upon 
he  quality  of  fuel  used. 

The  author  condemns  the  practice  of  using  a  Corliss  nonrcondeneing  engine  for  the 
yrime  mover  on  account  of  its  large  steam  eonswnption  uhen  operated  at  fractional 
oads.    He  recommends  the  uniflow  steam  engine  and  the  Dieed  oil  engine. 

It  should  he  aimed  to  reduce  the  auxiliary  power  to  one-half  horsepower  per  ton 
f  ice.  Wet  compression  is  preferakle  to  dry.  Plate  ice  frozen  from  one  side  takes 
00  long  to  freeze  solid;  cellrplate  ice  frozen  from  two  sides  freezes  soUd  in  one-fourth 
)f  the  time. 

Several  curves  illustrate  the  rate  of  heat  tranemission  in  hrine  coolers  and  am- 
nonia  condensers. 

Ice  storage  is  profitable,  and  with  a  reasonably  large  production  of  ice  throughout 
he  year  it  contributes  greatly  to  the  economical  operation  of  the  plant.  The  effects 
>/  various  features  of  condenser  installations  are  indicated  in  several  curves  obtained 
ram  actual  cases. 

The  proper  means  to  conserve  ammonia  are  pointed  out  and  the  usual  honus 
systems  are  outlined. 

TPHE  cost  of  ice  and  of  refrigeration  is  a  composite  figure  of 
many  different  expenses  coming  under  the  heads  of  direct 
md  indirect  manufacturing  expenses,  selling  expenses  and  general 
expenses.  The  cost  of  fuel  is  usually  the  largest  item  and  it  may 
easily  represent  the  diflference  between  profit  and  loss. 

2  During  the  last  two  years  the  cost  of  fuel  per  ton  of  ice  has 
ioubled  or  trebled  and  many  plants  are  now  paying  from  $1.50  to 
(2.00  per  ton  of  ice  for  fuel  alone,  and  the  situation  is  becoming 
itill  more  acute  because  of  the  shortage  of  labor  which  is  rapidly 
Rowing  serious. 

3  In  spite  of  these  conditions,  and  the  fact  that  the  fuel  factor 
*An  be  more  easily  controlled  than  any  of  the  others,  the  majority 
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of  refrigerating  plants  are  very  wasteful  of  fuel  as  a  result  of  im- 
proper design,  run-down  equipment  or  poor  operation.  While  the 
possible  savings  are  enormous  and  can  usually  be  secured  with 
little  effort  and  slight  expenditure,  the  necessity  for  improving 
equipment  and  operating  conditions  is  not  realized  in  the  majority 
of  plants. 

4  It  should  be  the  aim  to  improve  the  economy  of  the  plants 
from  year  to  year  by  making  major  or  minor  changes  and  the  effort 
for  improvement  should  bear  a  relation  to  the  cost  of  fuel  and  labor. 

5  The  ideal  plant  is  the  one  whose  manufacturing  cost  is  con- 
stant in  spite  of  the  great  increase  of  costs.  The  practice  of  '' sap- 
ping" a  plant,  that  is,  getting  out  all  the  possible  profits  without 
reinvesting  any,  has  made  many  a  plant  valueless. 

6  Fuel  cost,  while  most  important,  is  not  all-important,  how- 
ever, and  there  are  ice  plants  having  a  very  high  fuel  economy  that 
are  losing  money.  A  high  efficiency  must  be  maintained  generally 
in  the  design  of  the  plant,  in  its  load  factor  and  in  its  labor  and  sales 
organization.  There  are  far  more  plants  making  on  the  average, 
per  year,  1.5  to  2.5  tons  of  ice  per  ton  of  fuel  than  plants  making 
5  tons,  having  simple  non-condensing  plants  in  mind. 

7  Fig.  1  is  submitted  as  an  illustration  of  the  performance  of  a 
number  of  plants  taken  at  random,  showing  both  their  yearly  out- 
put and  the  ratio  of  tons  of  ice  made  per  ton  of  coal.  For  example, 
the  plant  shown  as  having  the  least  capacity  is  one  of  2000  tons  per 
year  and  makes  2  tons  of  ice  per  ton  of  coal. 

8  In  this  paper  the  writer  will  express  himself  frequently  in 
tonus  of  tons  of  ice  per  ton  of  10,000  B.t.u.  fuel,  an  expression  which 
tends  to  equalize  the  value  of  the  various  fuels  (semi-bituminous, 
bituminous,  lignite,  oil,  etc.),  since  by  a  simple  recalculation  it 
places  them  on  a  common  basis. 

BOILER   ROOM 

0  If  the  refrigerating  plant  is  steam-driven,  careful  thought 
must  be  given  to  the  boiler  room:  to  proi)er  selection  of  fuel,  bdlcTB 
and  proper  installation  and  operation.  The  average  bmler  room 
is  very  wasteful  due  to  conditions  in  the  furnace  and  boiler,  to  the 
excess  air,  incomplete  combustion,  scale  and  soot. 

10  With  waters  that  have  a  tendency  to  prime,  it  is  often  the 
practice  to  underload  the  lx)ilcrs  so  as  to  prevent  priming.  In  a 
certain  plant  having  Stirling  lx)iler8  and  using  water  containing  80 
grains  of  chlorides  per  gallon,  serious  trouble  was  experienced  with 
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priming  until  the  steam  connection  was  dianged  to  the  rear  dmm, 
after  which  it  was  possible  to  operate  the  boilers  with  water  faaviiig 
a  large  amount  of  salt  without  ai^  priming  developing.  In  the 
same  plant  scale  caused  by  caldum  sulphate  was  ovenxnne  by 
adding  sodium  hydroxide  to  sodium  carbonate  and  lime  treatment. 
U  As  the  load  factor  of  most  refrigerating  plants  varies 
greatty,  the  boiler  installation  should  be  such  as  to  give  flexilHlity 
of  operation.  In  small  plants  arrangements  should  be  made  to 
reduce  the  grate  surface  during  the  winter  periods;    each  braler 
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Thouftond   Tons  o+Ice  Monu+iacl-oreo    per  Veor. 

Fig.  1    AcTCAL  Average  Annual  Results  Obtained  bt  Ice  Pi^ants 

tiust  be  equipped  with  a  draft  gage  and  the  draft  should  be  nuun- 
ained  at  the  minimum  required  and  varied  with  the  load. 

12  The  boiler  setting  should  be  high,  even  with  return  tubular 
>oilers,  with  a  space  of  from  4  to  5  ft.  between  grate  and  boiler 
hell,  and  the  combustion  chamber  should  be  so  arranged  that  the 
■enefit  of  this  increased  space  is  obtained.  Gases  tend  to  take 
he  shortest  path,  and  with  most  of  the  combustion-chamber  space 
ievoid  of  drop  walls  there  will  be  circulation  of  the  gases  and  many 
ddy  currents  or  dead  spaces. 

13  The  gases  should  flow  slowly  until  they  reach  the  heating 
urface,  where  combustion  should  be  complete.  After  this  the 
'etocity  should  be  hiKh  so  as  to  allow  greater  heat  absorption. 
>Qme  of  the  boilers  on  the  market  were  designed  upon  more  or 
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less  crude  engineering  principles  and,  although  good  steam  pro- 
ducers, they  are  not  economical. 

14  As  far  as  fuel  is  concerned,  it  must  be  said  that  any  fuel 
can  be  burned  if  proper  provisions  are  made  —  shavings  as  well  as 
oil  or  semi-bituminous  coal.  The  selection  mostly  depends  upon 
cost  and  availability.  Lignite,  for  example,  is  a  most  excellent 
fuel  for  localities  such  as  lexas.  With  Texas  lignite  burned  under 
return  tubular  boilers  efficiencies  were  obtained  of  from  63  to  68 
per  cent.    The  composition  of  the  lignite  was  as  follows: 

Moisture 21 .6    per  cent 

Volatile  matter 42 .31  per  cent 

Fixed  carbon 24 .08  per  cent 

Ash 12 .  11  per  cent 

B.t.u.  dry 9530 

B.t.u.  actual 7850 

15  With  chain-grate  stokers  and  Texas  lignite,  and  an  equiva- 
lent evaporation  of  5.64,  a  boiler  efficiency  of  67  per  cent  and  a 
boiler  overload  of  15  per  cent  were  obtained.  With  Colorado  lig- 
nite, boiler  efficiencies  of  70  per  cent  were  frequent.  Wo<id,  such 
as  slabs,  when  obtainable,  can  be  burned  quite  well,  only  the  furnace 
must  be  of  proper  design  with  two  sets  of  fire  doors,  one  above  the 
other. 

16  Higher  boiler  efficiency  is  not  so  much  dependent  upon  the 
(luaUty  of  the  fuel  as  it  is  upon  the  design  of  equipment  and  in- 
telligence with  which  the  fuel  is  fired.  With  the  highest  grade  of 
semi-bituminous  coal  the  writer  witnessed  tests  giving  an  efficiency 
of  50  per  cent,  and  70  per  cent  with  the  low-grade  lignites.  Econo- 
mizers are  very  valuable  and  bring  excellent  returns  upon  the  in- 
vestment. Even  with  load  factors  as  low  as  35  per  cent  and  a  15 
per  cent  fixed  and  operating  expense,  a  yearly  saving  of  30  per  cent 
of  economizer  investment  will  be  made,  based  upon  fuel  at  S2.50 
{KT  ton  of  10,000  B.t.u.  and  nonnal  economizer  prices.  At  the 
present  economizer  prices  are,  of  course,  abnormal,  and  so  is  also 
the  cost  of  fuel.  Emphasis  has  n^peate<Uy  been  laid  on  the  im- 
{X)rtance  of  eiiuipping  ice  plants  with  proper  lx)iler-4xx)m  instni- 
inents. 

PKIMK   MOVKILS 


17     The    prime    mover    most    generally    uswl    in 
plants  is  the  Corliss  non-<*on<lensing  steam  engine.    Next  in  order 
are  the  compound  Corliss,  electric  motor,  oil  engine^,  and  uniflow 
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steam  engine.    If  this  order  were  reversed,  however,  eDomuxu 
sums  of  money  would  be  saved  to  ice  nutDufactorera,  for  the  follow- 


IS  In  selecting  the  piime  mover  for  an  ice  plant,  the  two  moat 
important  itons  to  consider  are  eflSdou^  at  rated  load  and  effidcney 
at  half  toad.    While  the  average  Corliss  non-condeosing  engine  oon- 


Suciion  n^utr*  ,  Lb.  pv  Sq.  h. 

Fig.  2    Relative  Efficiency  of  Vabious  Ice-Plant  Installations 

sumes  20  per  cent  more  steam  at  half  load  than  at  "full  load,  the 
uoiflow  engine  uses  only  about  8  per  cent  more.  This  is  of  great 
importance  because  of  the  great  variations  of  load  factor.  Many 
engines  can  l>e  found  operating  at  one-eighth  cut-off.  This  is  the 
reason,  also,  why  a  steam  c>'linder  should  be  adapted  to  the  back 
pressure  at  which  the  compressor  operates.     It  is  moot  unwise  to 
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have  a  steam  cylinder  large  enough  for  economical  cut-off  at  25  lb. 
suction  pressure  when  the  pressure  to  be  maintained  is  15  lb.  or 
less. 

19  Fig.  2  shows  the  results  to  be  expected  from  various  types 
of  installations.  The  allowance  made  for  auxiliaries  ranges  from 
one-half  to  one-horsepower  per  ton  of  ice,  depending  upon  condi- 
tions. The  condenser  pressure  was  taken  at  185  lb.  gage,  and  it 
was  assumed  that  at  the  suction  pressure  given  the  machine  would 
operate  at  about  full  load. 

20  In  small  plants  preference  should  ordinarily  be  given  to 
the  use  of  superheated  steam,  since  as  high  an  economy  may  be 
obtained  from  a  uniflow  non-condensing  engine  operated  with  super- 
heated steam  as  from  a  compound  Corliss  condensing  engine  using 
saturated  steam,  and  the  former  equipment  is  a  great  deal  simpler 
and  necessitates  less  auxiliary  power.  Furthermore,  the  steam- 
consumption  curve  is  flat  and  the  high  efficiency  of  the  plant  will 
l)e  maintained  during  the  winter  time. 

21  Superheaters  can  be  installed  with  facility  even  in  existing 
installations,  and  since  the  gain  is  greater  with  simple  non-condens- 
ing engines,  uifeconomical  ice  plants  will  derive  great  benefit. 

22  In  the  majority  of  ice  plants  the  initial  steam  pressure  in  the 
steam  cylinder  is  from  70  to  90  lb.  Even  in  plants  having  high- 
pressure  boilers  the  benefit  to  be  derived  from  high-pressure  steam 
is  not  usually  taken  advantage  of.  Tests  show  an  economy  increase 
of  7.5  per  cent  by  raising  the  pressure  from  75  to  100  lb.,  and  of  4 
per  cent  by  raising  it  from  100  to  125  lb. 

23  In  order  to  gain  in  economy,  a  simple  engine  is  often  made 
to  operate  as  a  condensing  engine.  As  a  result  the  temperature 
difference  in  the  cylinder  is  increased  and  the  cutroff  is  shortened, 
which  increases  the  wall  area  at  cut-off  as  compared  to  volume. 
This  greatly  increases  cylinder  condensation,  which  is  directly  pro- 
portional to  the  temperature  difference  and  the  area  exposed.  It 
therefore  seldom  pays  to  operate  such  a  machine  at  more  than  20  in. 
of  vacuum,  and  if  the  plant  is  to  be  changed  over  to  condensing 
operation,  it  is  best  to  replace  the  simple  Corliss  by  o(Hnpound 
cylinders  or  by  a  uniflow  engine  and  leave  the  rest  of  the  machine 
intact. 

24  Under  proper  conditions  the  ideal  and  most  eflSdent  prime 
mover  for  the  ice  manufacturer  is  the  Diesel  oil  engine.  By  *' under 
proper  conditions''  is  meant  conditions  of  oil  supply  and  cost,  and 
kind  of  operating  force  to  be  employed.    It  cannot  be  over-empha- 


VTCTOB  J.  AXBE 


sized  that  with  the  Diesel  engine  a  high-grade  engineHnxnn  force 
must  be  maintained,  especially  during  the  oveiliaul  period.  If  the 
men  in  charge  are  intelligent,  the  Diesel  engine  is  a  very  dependable 
unit.  There  is  a  plant  in  California  that  produces  a  ton  of  ice  for 
5  gal.  of  fuel  oil,  and  this  not  under  the  best  conditions.  There 
are  oil-engine  installations  on  record,  not  necessarily  Diesel  engines. 


TABLE  1    DIESEL  FOWEBr-PLANT  PBRFOBMANGE 
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132238 

79421 

53499 

36673 


FoelOU 

Ooeiof 

Gem. 

FiMlOU 

•OlIMd, 

perGUL. 

GaL 

Cnts 

U41 

•J.6I 

6141 

1.61 

166n 

t.ii 

lOStt 

2,9 

1259S 

2.65 

10125 

2.3S 

9431 

2.31 

9459 

2.56 

9660 

8.00 

7220 

8.18 

6993 

4.6 

11176 

4.5 

8766 

7.0 

9232 

6.15 

15488 

6.15 

14946 

4.25 

13569 

4.25 

8052 

4.5 

5591 

4.87 

4076 

4.87 

Qd.of 
FiMlOU 


8.n4 
9.629 

10.106 
9.215 

10.925 
9.94 
9.288 
9.709 
9.558 


9.572 
9.325 
.789 
.883 

.606 
.871 
9.89 
10.261 
10.138 
10.46 
11.114 


9. 
9. 
9. 
9. 


that  have  given  a  ton  of  ice  for  less  than  10  cents  fuel  cost,  with 
oil  at  2  cents  a  gallon. 

25  Table  1  gives  the  average  results  obtained  with  Diesel 
engines  over  a  long  period.  The  net  work  produced  was  1,119,801 
kw-hr.  The  auxiliarj'^  power  represented  the  power  required  for 
mjection,  in  the  air  compressor,  and  in  the  water-jad^et  circulating 
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pumps.  The  load  factor  having  been  highly  variable,  the  results 
are  not  quite  as  good  as  they  otherwise  would  have  been,  coDse- 
quently  the  figures  may  be  taken  as  being  rather  conservative  and 
dependable. 

26  Diesel-engine  manufacturers  have  somewhat  neglected  the 
private  buyers  lately,  from  the  fact  that  they  were  putting  every 
ounce  of  their  energy  into  Government  work,  but  after  the  war 
Diesel  installations  and  their  modifications  ought  again  to  be  rapidly 
on  the  increase. 

27  In  a  great  many  localities  electric  power  can  be  obtained 
quite  cheaply  and  when  this  is  the  case  electric  drive  is  to  be 
favored.  The  main  advantage  of  an  electric  installation  is  that 
high  efficiency  can  be  obtained  through  the  whole  load-factor  range 
and  that  economy  increases  as  the  load  factor  drops,  contrary  to 
the  condition  found  in  steam-driven  ice  plants. 

28  Induction  motors  are  not  very  well  adapted  for  ice-plant 
work  because  of  the  high  speeils  required  for  high  eflSciencies. 
Synchronous  motors,  on  the  other  hand,  have  characteristics  that 
make  them  ideal,  even  for  direct  connection  to  refrigerating  ma- 
chines. Their  efficiency  curve  is  quite  flat  and  their  efficiency  is 
Tather  high  at  part  loads. 

29  An  electrically  driven  raw-water  plant  is  a  great  deal  simpler 
than  a  steam-driven  plant.  Many  factors  which  influence  plant 
efficiency  are  eliminated  and  consequently  the  operating  man  does 
not  have  to  be  as  high  grade  as  for  the  efficient  operation  of  steam 
plants.  Labor  cost  and  repair  expenses  and  the  cost  of  real  estate, 
buildings  and  machinery  are  all  less.  Dependability  is  also  fair 
and  with  proi)er  installation  as  good  as  in  the  case  of  a  steam  plant. 

AUXILIARIES 

30  The  curse  of  most  ice  plants  is  the  auxiliaries.  In  many 
cases  the  steam  consumption  of  the  auxiliaries  is  as  great  as  that 
of  the  engine  running  the  compressor.  In  a  certain  ice  plant  of  100 
tons  capacity  the  following  auxiliaries  were  found  in  operation: 
Elect ri(*-light  engine;  duplex  circulating  pump  for  ammonia  con- 
denser; duplex  circulating  pump  for  steam  condenser;  duplex  brine 
pump;  duplex  l)oiler-feed  pump;  ice-hoisting  compressor;  single- 
stAge  single-steam-c>'linder  deep-well  compressor;  agitator  oigine 
and  cooling-tower  fan  engine.  In  this  plant  the  steam  consumption 
of  auxiliaries  as  compared  to  the  compressor  engine  was  as  60  to  40 
and  the  plant  was  niaking  about  two  tons  of  ice  per  ton  of  fuel.     It 
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is  not  so  much  the  number  of  auxiliaiies,  however,  as  their  selection 
from  the  point  of  economy  and  the  arrangoaient  under  which  they 
operate. 

31  It  is  hard  to  state  definitely .  how  many  auxiliaries  are 
needed,  since  each  plant  must  be  considered  separately  in  this 
respect.  At  times  it  may  be  better  to  operate  two  pumps  than 
one;  and  at  times  the  addition  of  one  or  two  auxiliaries  mi^t  pro- 
duce a  substantial  overall  saving.  The  trend,  however,  is  generally 
toward  too  great  a  number  of  uneconomical  auxiliaries,  frequently 
either  too  large  or  too  small  for  thdr  work  and  poorly  designed  in 
other  respects. 

32  The  standard  requirements  for  auxiliary  power  per  ton  of 
ice  produced  should  be  0.5  hp.  and  every  effort  should  be  made  to 
keep  down  to  this  figure.  In  some  plants  the  aiudliaiy  power  far 
exceeds  1  hp.  per  ton  of  ice,  and  if  we  take  into  consideration  iha,t 
this  1  hp.  is  produced  by  most  uneconomical  means,  we  realise  how 
important  it  is  to  keep  it  down  to  a  minirftum.. 

33  The  idea  of  driving  the  auxiliaries  of  an  ice  plant  from 
the  main  engine  shaft  is  not  a  bad  one  and  this  method  is  quite 
dependable  if  the  belt  transmission  has  been  installed  in  a  work- 
manlike way.  At  light  loads  especially  tiiis  arrangement  should 
be  very  profitable,  but  is  to  be  considered  only,  in  the  smaller  plants. 
Such  plants  ordinarily  operate  with  wasteful  duplex  pumps  and 
small  throttling  slide-valve  engines,  and  by  keeping  thes6  in  reserve 
and  pumping  water  by  centrifugal  belt-driven  pumps  a  saving  as 
great  as  30  per  cent  can  often  be  obtained.  In  designing  a  new 
plant  or  overhauling  an  old  one,  most  careful  consideration  should 
be  given  to  reducing  to  a  minimum  the  head  against  which  water 
is  to  be  pumped. 

34  One  of  the  most  uneconomical  auxiliaries  as  usually  operated 
is  the  air  lift.  This  statement  is  meant  as  no  reflection  upon  the 
air-lift  pump  as  such,  but  on  the  way  in  which  it  is  usually  operated. 
Fig.  3  shows  the  performance  of  properly  designed  air  lifts;  the 
efficiency  decreases  somewhat  as  the  lift  increases,  but  should  not 
be  less  than  60  to  80  per  cent,  whereas,  actually  in  some  cases  it 
will  be  found  as  low  as  20  per  cent;  the  trouble  is  usually  too  great 
or  too  little  submergence. 

35  It  is  seldom  advisable  to  use  an  air-lift  pumping  system  for 
the  circulation  of  water  over  the  steam  condenser,  because  of  the 
increased  head  required.  The  use  of  a  cooling  tower  is  ordinarily 
to  l>e  preferred  and  any  water  needed  for  make-up  may  be  taken 
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from  the  air-lift  system  and  passed  over  the  distilled-water  and 
liquid-ammonia  coils',  thus  cooling  the  latter  below  the  temperature 
of  the  circulating  water  proper. 

36  For  driving  auxiliaries,  electric  current  from  generators 
driven  by  uniflow  engines  is  to  be  preferred  in  the  majority  of  in- 
stallations and  the  various  units  must  be  selected  with  a  view  to 
obtaining  a  flat  efficiency  curve  between  half  and  full  loads;  all 
motors  on  the  latter  units  should  have  variable  speed  control. 

37  Duplex  steam  pumps  or  steam-driven  deep-well  pumps 
should  not  be  used  except  possibly  as  a  reserve.  While  they  may 
be  desirable  where  they  are  to  operate  only  a  small  part  of  the  time. 


Fio,  3    Standaed  Air-Lift  Pebpoiuunce 

this  is  not  the  case  in  a  refrigerating  plant  which,  in  spite  of  its 
variable  loiid  factor,  ordinarily  operates  the  year  round.  Their 
ofliciency  curve  also  drops  off  rapidly  when  the  load  is  reduced. 

ICE   TANKS 

3S  All  the  details  incidental  to  the  process  of  ice  making  ohould 
l>c  so  regulated  as  to  secure  a  high  rate  of  heat  transmisBion,  coupled 
with  a  low  temperature  difference.  The  ice  tank  is  a  moet  import- 
nut  lUGuiber  of  the  ice  plant,  nnd  in  the  discussion  which  follows 
three  systems  will  be  considered:  ice  frozen  from  one  side;  plate 
ice  frozen  from  two  sides;  and  can  ice. 

39  Plate  ice  frozen  from  one  si<le  is  not  to  be  recommended, 
even  thouf;h  it  is  true  that  very  good  ice  can  lie  made  by  this  sjrs- 
tem,  because  it  takes  six  days  to  freeze  the  ice  blocks  which  are 
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commonly  II  in.  thick,  and  hi^  Buolum  pranuree  are  entir^  out 
of  the  question.  Further,  one  tank  space  with  plate  ice  will  have 
to  be  three  times  aa  great  as  with  can  ice  owing  to  the  freexing  time 
being  three  timea  aa  long.  Also,  when  the  plant  is  operating  at 
light  load,  the  suction  pressure  will  rise  and  cause  the  ioe  to  beeie 
unevenly  —  too  thick  at  the  bottom  and  too  thin  at  the  tap. 

40  The  second  ss^stem  mentioned  —  of  freenng  plate  ice  f nnn 
both  sides  —  has  recen^  been  devdoped  and  patented  and  is  a 
decided  improvanaat  over  the  first  method  of  heenng  frcHn  one 
side  only;  and  from  an  economic  standpoint  it  is  even  a  conmderable 

eamermpr  HD.PwSbnn>fna.ftand.PrM.IV>Lk.*a9i.) 


improvement  over  the  can-ice  ^stem.  By  freenng  from  both  ades 
the  ice  will  be  frozen  in  one-fourth  of  the  time  with  the  same  tem- 
perature difference  between  the  evaporating  ammonia  and  the  ice. 
This  ice  is  very  unifonn  and  fully  as  good  as  raw-water  can  ice.  The 
economic  possibility  of  this  system  over  can  ice  is  due  to  its  elimi- 
nation of  brine  and  the  consequent  reduction  of  the  total  tonpera- 
ture  difference  required.  The  back  pressure  obtained  with  "cell- 
plate  ice,"  as  the  above  should  be  called,  and  with  can  ice,  also  with 
cold  storage  cooled  by  brine  circulation,  is  represented  in  Fig.  4, 
where  the  curves  are  based  on  a  10-deg.  temperature  difference 
between  the  ice  and  the  refrigerating  agent  in  each  case. 
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41  Taking  up  the  can-ice  ^stem,  Fig.  5  shows  the  iofluenoe  of 
thickness  of  ice  block  upon  plant  economy.  For  several  i 
chiefly  convenience  of  handling,  a  300-lb.  block  is  almost  i 
sally  adopted.  Such  a  block  has,  ordinarily,  an  average  thicknen 
of  11  in.  and  its  freezing  time  is  48  hours  with  14-d^.  brine.  On 
the  other  hand,  a  block  having  a  thickness  of  8  in.  would  freeie  in 
only  24  hours.  In  addition  to  the  greater  freesii^  rate  with  thinner 
ice,  there  is  also  more  can  surface  per  ton;  as  for  example,  for  a  given 
weight  of  ice  a  150-lb.  block  8  in.  thick  will  have  30  per  cent  more 
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Fill.  5    ErPKCT  OF  Thicknem  of  Ice  Block  upon  PiMvt  Economt 

ran  surface  than  a  300-lb.  block  11  in.  thick.  By  this  is  not  meuit 
that  8-in.  ice  is  advocated;  it  is  only  mentioned  to  show  the  effect 
of  ice  thicknes.-4'.  One  of  the  objections  to  ice  of  this  kind  is  the 
greater  exposed  area  and  consequently  greater  ahrinkage  k)8B  during 
the  ilelivery  period,  which,  however,  can  be  overcome.  As  far  u 
handling  is  concerned,  great  iniproveiiient  can  be  made.  lo  a  tet- 
tain  plant  in  St.  Louis  it  was  arranged  to  hoist  a  row  of  eighteen 
200-lb.  blocks  by  one  operation  and  the  blocks  were  all  thawed  and 
duinjicd  at  the  some  time. 


VICTOB  3.  AZBB  639 

42  Circulation  of  the  brine  in  the  freesing  tonic  is  also  a  very 
important  item  in  economical  ice-plant  operation.  This  circulation 
is  at  times  produced  by  centrifi^al  pumpe,  but  ordinarily  by  pro- 
peller ^tators.  Often  these  agitators  are  very  inefficient  and  teod 
more  to  .chum  the  brine  than  to  circulate  it.  It  is  ordinarily  difficult 
to  determine  what  the  circulation  in  an  ice  tank  is,  due  to  the  fact 
that  the  ^>eed  of  the  brine  varies  and  its  velocity  in  the  lower  part 
of  the  tank  is  not  the  same  as  in  the  upjper  part.    About  the  most 
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CONDENSBBS 

r>tactical  way  is  to  measure  the  difference  in  the  height  of  the  brine 
■n  the  tank  on  the  suction  and  discharge  sides  of  the  bulkhead  close 
to  the  agitator.  With  tanks  as  ordinarily  constructed,  1  in.  differ- 
ence of  level  for  each  10  cfins  of  tank  length  is  assumed  by  the 
Writer  as  a  standard.  This  method  should  be  fairly  accurate  since 
V>rine  flow  is  the  result  of  difference  in  level. 

43     In  agitating  the  brine,  its  level  should  never  be  below  the 
level  of  the  water  in  the  can.    Too  low  a  brine  level  will  greatly 
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reduce  the  capacity  of  the  tank^and  alao  the  plant  eEEtnency.  A 
wide,  shallow  hole  in  the  top  of  the  block  toward  the  end  of  the 
freezing  period  is  always  an  indication  that  the  can  is  too  full  or  the 
brine  too  low. 

44  Since  with  long  tanks  or  very  strong  agitation,  considerable 
brine  level  difference  13  produced,  in  some  cases  as  much  aa  5  in., 
it  is  best  to  construct  long  ice  tanks  with  agitators  on  each  end. 
Brine  velocity  is  helpful  in  two  ways;  it  increases  heat  transmisaicm 
between  the  brine  and  the  can,  and  between  the  evaporating  coil 
and  the  brine. 

45  The  average  transmisaon  of  heat  from  the  ice  in  the  can 
to  the  brine  outside  is  very  poor,  only  about  2.5  B.t.u.  per  d^. 


No  of  300-Lb  Can»  par  Ton  of  Ic* 
Fia.  7    FaxBsma  Rati  or  Ice 

per  hr.  per  sq.  ft.,  due  to  the  inflating  effect  of  the  ice.  The  thicker 
the  ice,  the  slower  the  heat  ^change,  consequently  tank  brine 
velocity  has  not  nearly  so  great  an  effect  upon  beat  tranaminion 
on  the  can  side  as  it  has  on  the  coil  side.  The  heat  transmiBBOD 
between  ammonia  and  brine  through  metal  is  between  10  to  20 
B.t.u.  per  sq.  ft.  per  hr.  per  d^.  This  comparatively  low  figure 
is  primarily  due  to  the  superheating  of  the  gas  in  the  coil,  whiefa 
causes  one  side  of  the  surface  to  be  dry,  and  secondarily,  to  the  low 
brine  velocity. 

46     Fig.  6  gives  York  Manufacturing  Company  curves  showing 
beat  transmission   with   double-pipe  brine  coolers   and   ^mmftn'^ 
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condensers.  The  curves  were  extended  by  dotted  lines  to  show 
probable  transmission  at  low  velocity.  These  curves  purely  from 
their  characteristics  show  the  importance  of  velocily,  an  item  which 
from  the  economy  standpoint  is  certainly  worthy  of  veiy  careful 
investigation. 

47  fig.  7  gives  the  can  surface  used  per  ton  of  ice  in  various 
installations  and  shows  distinctly  the  low  values  of  heat  transmis- 
sion obtained  and  also  the  differences  found  in  various  installations. 
The  greater  the  brine  velocity,  the  wetter  the  gas  in  the  coil;  the 
more  coil  and  can  surface  per  ton  of  ice,  and  the  thinner  the  ice, 
the  greater  will  be  the  economy  of  the  plant.  The  more  can  surface 
the  better,  but  the  surface  must  be  in  effective  use,  not  idle;  that 
is,  as  soon  as  the  ice  block  is  frozen  solid  it  should  be  pulled  out. 

TABLE  2    EFFECT  OF  FBOZEN  BLOCKS  ON  TANK  EFFICIENCT 


-w- 


A.   IcB  DBAmH  AS  aooir  mb  Biocx  ■  Fanmr  Soud 

Cans  par  ton  ioe 17— SOOtb. 

Pip*  per  ton  use 980  ft.  of  U  in. 

Tank  tomperatnre ITdeg.fulu'. 

Beck  prewure SS  lb. 

Hp.  per  ton  ioe,  34  boon fO.S 

B.    10  PSB  GmMT  ov  Gamb  m  Taitk  CoNXAiMiiro  Soud  Faoaar  Buxan 


Cans  per  ton  ioe 15—300  lb. 

Pipe  per  ton  ioe 280  ft.  of  U  in. 

Tank  temperature 15}  deg.  fahr. 

Back  preasure 20.0  lb. 

Hp.  per  ton  ioe.  24  hours 03 

Loss  B  over  A 4  per  eent 


48  Many  plants  operate  with  very  low  suction  pressures  in 
^Winter,  due  to  the  common  practice  of  using  the  ice  tank  as  an  ice 
storage.  Table  2  shows  the  increase  of  the  compressor  power 
Required  when  the  ice  is  not  drawn  promptly.  These  data  were 
obtained  from  a  plant  of  100  tons  of  ice-making  capacity  per  day, 
^nd  they  do  not  include  incidental  losses. 

AMMO^^U   EVAPORATINO   SYSTEMS 

49  With  expansion  coils  in  ice  tanks  and  cold-storage  rooms 
^  high  heat  transmission  is  very  desirable,  and  it  can  be  obtained 
inside  of  the  pipes  either  by  flooding  them  or  using  a  high  gas  veloc- 
ity. The  objection  to  high  gas  velocity  in  this  connection  is  pressure 
drop,  which  for  thermodynamic  reasons  is  rather  more  important 
on  the  evaporating  side  than  on  the  condensing  side.    For  this 
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reason  the  length  of  the  evaporating  coil  should  be  limited  Bo  that 
the  velocity  will  never  exceed  the  average  figure  of  500  ft.  per  duq. 
Some  tank  coils  are  1500  ft.  long  and  their  rather  high  velocity 
causes  a  great  pressure  drop.  For  long  tanks  2-in.  pii>e  is  to  be 
preferred,  since  the  relative  surface  of  Ij-in.  and  2-in.  pipe  is  in  the 
ratio  of  1  to  1.5,  while  the  sectional  area  is  in  the  ratio  of  1  to  2.2, 
Coils  should  be  short  so-that  they  are  thoroughly  effective,  and 
even  flooded  coils  should  be  as  short  as  posfdljle. 


Kki.  K    l-^FPiitT  OF  Ice  Storage  oh  Extreme  Load-Factor  Variations 

50  As  to  the  size  of  auction  lines  leading  to  the  macbioef. 
efforts  shoukl  be  made  to  have  them  l>elow  100  ft.  in  length  and 
with  the  least  numlicr  of  elbows.  For  greater  lengths  the  aie 
shouUI  Ih3  governed  by  peniiissihle  gas  velocity,  friction,  and  radia- 
tion loss.  The  main  considerations  are  the  cost  of  fuel  and  the 
cost  of  installation. 

KB-l'LANT   LOAD    FACTOH  —  ICE   STORAQB 

51  Ice  storage  is  profitahle  in  most  cases  if  the  Htordrause  is 
filled  to  capacity  during  the  winter  and  emptied  entirely  in  the 
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The  cost  of  storehouse  will  be  from  16  to  S12  per  Um 
capacity  and  the  investmettt  will  net  a  substantiftl  return  in  most 
cases.  The  objections  to  it  are  the  cost  of  r^rigeration  for  the 
storage  and  the  increased  cost  of  handling  the  ice. 

52  As  far  as  plant  economy  goes,  the  value  of  ice  storage  is 
due  to  the  equalization  of  the  load  factor.  That  is,  the  plant  can 
be  operated  at  higher  rate  durii^  slack  seasons  and  there  may  not 
be  the  necessity  for  forcing  the  plant  beyond  its  economical  limit 
in  summer.  With  poorly  deseed  and  operated  plants,  ice  storage 
is  of  far  greater  value,  since  the  load  factor  has  a  greater  influence 
upon  such  plants.  There  the  economy  fluctuates  almost  in  pro- 
portion to  the  load  factor,  while  in  well-operated  plants  it  is  more 
uniform  and  at  times  fluctuates  in  opposition  to  the  load  curve. 


l-^iG  9    Proper  and  Imc-ropek  Loa[>-Factor  Distribution  with  Ice  Stokaob 

Xn  new  installations,  the  ice  plant  and  ice  storage  can  be  eo  propor- 
tioned that  the  manufacturing  part  of  the  ice  plant  will  have  a  load 
factor  of  80  to  90  per  cent,  while  without  ice  storage  it  would  be 
OnJy  about  40  per  cent,  taking  the  whole  year  into  conraderation. 

53  The  small  ice  vault,  or  daily  ice  storage,  exerts  also  quite 
O.D  influence  upon  plant  economy  and  it  cannot  be  over  emphasised 
<;hat  it  is  advantageous  to  make  it  amply  lat^.  The  idea  is  to 
f  emove  ice  from  tanks  as  quickly  as  possible  —  to  use  ice  tanks  for 
storing  ice  is  a  verj'  |)oor  practice.  In  Fig.  8  the  full  line  represents 
the  output  of  ice;  the  broken  line  indicates  the  sale  of  ice,  and  the 
(lotted  line  the  proper  rate  of  manufacturing  ice.     These  curves 
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were  plotted  from  the  figures  actually  obtained  in  a  plant.  An 
exact  determination  of  the  proper  rate  of  manufacturing  ice  will 
permit  stopping  the  plant  altogether  for  a  certain  time  and  attending 
to  repairs.  Fig.  9  illustrates  this  case.  The  dotted  line  indicates 
the  proper  rate  of  manufacturing  ice. 

54  In  the  majority  of  cases  the  economy  of  ice  plants  is  lower 
in  winter  than  in  summer,  whereas  the  economy  in  winter  should 
be  as  good,  if  not  better.  The  reason  for  the  poorer  economy  is 
that  advantage  is  not  taken  of  atmospheric  conditions  and  other 
favorable  features  which  exist  in  the  winter  time. 

55  To  operate  with  low  suction  pressure  is  far  less  economical 
than  is  indicated  by  the  analysis  of  compressor  performance  alone, 
for  the  reason  that  the  economy  of  the  engine  is  also  affected  by  the 
reduction  of  load.  For  this  reason,  when  the  condenser  pressure 
drops  off  during  the  cold  season  it  is  doubly  important  that  the 
suction  pressure  be  increased  and  the  machine  maintained  fully 
loaded.  The  practice  of  shutting  down  one  or  more  ice  tanks  in 
winter  should  be  strongly  condemned,  and  no  tank  should  be  shut 
off  (except  in  case  of  absolute  necessity)  until  the  back  pressure  is 
at  the  highest  point.-  Efforts  should  be  made  to  maintain  a  back 
pressure  of  30  lb.  in  winter,  and  the  plant  should  be  designed  with 
that  in  view.  The  largest  loss,  even  in  plants  otherwise  well  oper- 
ated, is  due  to  the  fact  that  the  various  elements  are  not  adjusted  to 
the  load  factor,  and  that  a  constant  relation  is  not  maintained 
between  suction  pressure  and  can  surface  per  ton,  and  between 
atmospheric  temperature  and  condenser  pressure. 

56  The  various  rooms  or  tanks  in  an  ice  plant  should  either 
be  maintained  at  the  same  temperature  or  designed  especiaUy  for 
low  temperatures.  To  try  to  maintain  one  or  two  rooms  at  a  low 
temperature  and  sacrifice  the  economy  of  the  whole  plant  is  bad 
practice,  since  the  suction  pressure  will  always  correqx>nd  to  the 
lowest  temperature.  The  temperatures  should  be  maintained  as 
uniform  as  possible.  When  this  is  not  possible,  and  the  difference 
in  the  various  temperatures  is  great,  then  either  a  multiple  effect  or 
a  booster  compressor  should  be  installed. 

FORECOOLERS  AND  MULTIPLE-EFPECT  RBCBIVXB 

57  In  a  well-designed  and  efficiently  operated  ice  plant  the 
water  to  be  used  for  ice  making  is  cooled  down  to  within  a  few 
degrees  of  the  coldest  circulating  water,  or  ordinarily  to  a  tempera- 
ture of  70  or  80  deg.  fahr.    This  water  then  passea  into  the  fore- 
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cooler  to  be  precooled  by  ammonia.  The  heat  absorbed  by  the 
foreoooler  can  be  anywhere  up  to  30  per  cent  of  the  total  heat  to  be 
extracted  in  making  ice,  and  the  water  will  be  cooled  down  toabout 
40  d^.  fahr.  There  are  two  methods  of  forecx)oler  refrigeration: 
by  feeding  liquid  anunonia  directly  into  a  coil,  or  hy  passing  wet 
return  gas  from  the  tank  through  the  water  cooler.  The  first  has 
the  advantage  that  it  can  be  connected  to  a  machine  woi^ing  inde- 
pendently from  the  freezing  tank  and  thus  enable  the  maintenance 
of  very  high  suction  pressure.  The  only  advantage  of  passing  the 
suction  line  through  the  forecooler  is  that  the  expansion  valves 

TABLE  3    ECONOMIC  EFFECT  OF  OPERATING  OOMPBESSOB  INDEPENDENTLY 
ON  FORBCOOLER8  WITH  mOH  SUCTION  PBBSSUBB 


Cask  I    Onb  Compbbbbob 
Back  PiMBure: 

IeeTank.l5Ib  FOTBeookn,UIb 

RalatiT*  Amoant  Refric.  Work: 

loe  Tank,  70  per  oant  Foreeoolan.  10  par  east 

CompreaBW  Powar  par  Ton  of  Rafrig.: 

1.74 

C^AV  II    Two  CoMPBaaaoBs 
Back  PrasBura: 

Ice  Tank.  15  lb  Foraeoolara.  IS  lb 

RelatiTa  Amount  Refrig.  Work: 

Main  Compreasor,  lea  Tank  Anziluury  Compr—or,  Foraooolan 

70  par  cant  '  SOpareant 

*         CompreaBor  Powar  per  Ton  of  Refrig.r 

Main  Compreaaor,  1.21  Auxiliary  Compreeaor,  0.32 

Total.  1.53 
Saving  over  Case  1. 12  par  cant 

C?A.SB  III    Onb  Compbessob  with  MuLTiPLB-EmECT  Dbvics 
Back  Pressure: 

Ice  Tank.  15  lb  ForacooIarB.  35  lb 

Secondary  Pressure  in  Compreaaor: 

27.51b 
Compressor  Power  per  Ton  of  Rafrig. : 

1.1 
Saving  over  Case  I,  34. 7  par  cent 


c:in  the  tank  can  be  kept  open  wider,  thus  insuring  that  the  freezing 
Ooils  will  work  throughout  their  whole  length  without  danger  of 
getting  any  liquid  to  the  machine.  But  this  same  thing  can  be 
^accomplished  far  better  by  means  of  Uquid  separators  and  it  is  of 
Igreater  advantage  to  use  the  high  suction  pressure  which  is  possible 
With  direct  feeding. 

58  Refrigerating  plants  should  also  be  equipped  with  double- 
pipe  liquid  precoolers,  cooling  the  liquid  from  the  temperature  of 
the  coldest  circulating  water  down  to  the  temperature  oorre^)ond- 
ing  to  the  highest  suction  pressure  used.    In  this  connection  a 
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multiple-effect  liquid  receiver  can  aleo  be  used,  by  means  of  which 
a  greater  amount  of  work  can  be  done  at  high  suction  preaeure 
than  l)y  the  use  of  the  double-pipe  cooler  alone. 

59  Every  refrigerating  plant  should  have  an  auxiliary  com- 
pressor  for  high-pressure  work.  The  size  of  this  compressor  may 
be  relatively  small  for  the  reason  that  it  will  operate  at  double  it« 
rated  capacity.  Table  3  shows  what  economic  effect  such  a  com- 
pressor will  have  by  operating  it  independently  on  the  foreooolers 
with  high  suction  pressure.  In  addition  to  a  saving  of  power  equiva- 
lent to  12  per  cent,  the  machine  capacity  will  be  increased  15  per 
cent  over  all.  There  is  also  a  decided  increase  in  compressor  capacity 
in  Cases  II  and  III  over  I,  especially  in  Case  III,  where,  with  the  same 
speed,  there  is  a  50  per  cent  greater  capacity. 


Fiii.  10    Influence  of  Multiplk  Effect  on  GouFBBaeoii  Ernnutrr 

60  One  of  the  most  valuable  inventions  ever  made  in  the  re- 
frigerating field  is  the  multiple-effect  compressor,  which  allows  gu 
of  higher  suction  pressure  to  enter  fihe  cylinder  after  it  has  been 
filled  with  gas  of  a  tower  pressure.  Although  it  must  be  admitted 
that  mistakes  have  been  made  in  its  application,  there  are  instal- 
lations where  it  is  an  absolute  success.  In  a  certain  plant  having 
sharp  freezers  and  ice  tanks,  two  compressors  were  operated  tot  a 
long  time,  summer  and  winter,  one  upon  low  pressure  and  the  other 
upon  high.  After  adopting  the  multiple-effect  device,  the  woric 
was  done  without  the  slightest  complications.  With  some  oom- 
presBors  on  the  market  it  is  very  simple  to  use  the  multiple  effect; 
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with  others,  the  arrangement  is  somewhat  c<Hnplicated.  Table  3 
shows  the  relatiTe  benefit  derived  from  operatiog  the  foreoooleia  by 
means  of  the  multiple  effect. 

61  Commenting  further  upon  distiDed-^water  coolers,  which 
ordinarily  are  nothing  but  stor^e  tanks  with  coils  immersed,  if  the 
auction  pressure  is  raised,  the  temperature  difference  will  be  reduced 
and  a  low  temperature  of  the  water  will  not  be  obtuned  unless  more 
^pe  is  put  in. 

62  Since  the  circulation  in  such  tanks  is  very  bad,  a  much 
higher  heat  transmisnon  can  be  obtained  by  circulating  the  water 


Suetlen  rnttm,  PriinaT]|,l>.pveq.ti>. 

Fig.  11     In'flues'ce  of  Multiple  Effect  on  Couprbssob  CiPAcmr 

<;o  gain  some  agitation.  Fig.  10  indicatee  the  influence  of  the  mul- 
"tiple-effect  method  upon  compressor  efficiency.  The  curves  are 
l)ased  upon  185  )h.  condenser  pressure  and  the  York  Manufacturing 
<?ompany's  data  as  to  compressor  horsepower  required.  Fig.  11 
indicates  the  influence  of  multiple  effect  upon  compressor  capacity. 

AUUONIA   CONDENSER 

63  There  is  no  reason  for  a  condenser  pressure  as  High  as  2CX)  lb. 
It  always  indicates  improper  conditions,  and  even  in  a  hot  climate 
the  condenser  pressure  should  be  below  175  ib.  In  the  hottest 
summer  weather  and  when  there  is  a  rdativdy  high  wet  bulb,  the 
foUowing  results  are  to  be  expected  with  properly  proportioned! 
installations: 


L 
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Air  temperature 100  deg.  fahr 

Wet  bulb 80  deg.  fahr. 

Water  off  cooling  tower 83  d^.  fahr. 

Water  on  ammonia  condenser 83  deg.  fahr. 

Water  off  ammonia  condenser 88  deg.  fahr. 

Temperature  difference,  on  and  off 5  deg.  fahr. 

Condenser  heat  transmission 150  B.t.u. 

Condenser  temperature  difference 7.5  deg.  fahr. 

Condenser  surface  per  ton 26  sq.  ft. 

Condenser  pressure 177  lb. 

64  The  cooling  tower  should  cool  the  water  within  three  de- 
grees of  the  wet  bulb.  The  relative  positions  of  the  condenser  and 
cooling  tower  should  be  such  that  five  to  six  gallons  of  water  can 
be  pumped  economically;  that  is,  the  pressure  due  to  the  head 
should  be  less  than  15  lb.  The  condenser  should  give  a  heat  trans- 
mission of  at  least  150  B.t.u.  per  sq.  ft.  per  hr.  per  deg.  There 
should  also  be  sufficient  surface,  and  if  the  condenser  gives  better 
results,  less  than  the  specified  surface  will  be  needed.  In  actual 
practice,  results  ordinarily  are  far  inferior,  due  to  the  water  bong 
too  warm,  to  the  lack  of  a  sufficient  amount  of  water  or  of  the  re- 
quired condensing  surface,  to  the  use  of  a  poor  type  of  condenser, 
or  to  the  presence  of  oil  or  air  in  the  condenser  or  scale  on  the 
outside. 

65  Atmospheric  condensers  should  not  be  penned  in,  but 
placed  in  such  a  way  that  the  wind  has  free  access.  With  a  fair 
wind,  the  humidity  of  the  air  passing  between  the  condenser  stands 
should  increase  only  a  little.  In  a  great  many  plants  condensers 
are  situated  in  such  a  way  that  the  air  not  only  does  not  cool  the 
water  by  evaporation,  but  actually  gives  up  heat  to  it.  Often 
condensers  will  be  found  with  100  per  cent  humidity  between  the 
stands. 

66  The  amount  water  can  be  cooled  by  evaporation  when  pass- 
ing over  the  condensers  depends  upon  the  temperature  of  the  water 
and  the  wet-bulb  temperature  of  the  air  in  contact  with  the  water. 
The  cooling  effect  is  surprisingly  large  and  it  can  be  as  great  as 
100  per  cent,  that  is,  all  the  heat  given  up  by  the  ammonia  may  be 
lost  by  evaporation,  and  the  water  leaving  the  condenser  may  be  at 
the  same  temperature  as  the  water  going  in. 

67  The  condenser  should  be  located  on  the  roof  of  the  building, 
witli  the  cooling  tower  immediately  underneath  and  so  placed  that 
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71  Table  4  gives  the  results  obtained  from  tests  performed 
upon  condenser  sets  in  actual  operation.  Type  A  was  a  counter- 
current  flooded  atmospheric  condenser.  Type  B  was  a  condenser 
installation  consisting  of  ordinary  atmospheric  condensers  with 
three  superheat  pipes  at  the  bottom  of  each  stand.  The  result  in 
Tests  2  and  3  were  obtained  with  type  B.  When  Test  2  was  con- 
ducted the  condenser  surface  was  very  clean  both  inside  and  out- 
side and  the  condenser  was  free  from  any  non-condensable  gases; 
this  probably  accounts  for  the  favorable  performance  secured. 
The  values  in  Test  3  fairly  agree  with  the  ordinary  performance  of 
condensers  similar  to  B.  The  writer  possesses  data  of  tests  per- 
fonned  upon  a  dozen  of  these  installations,  which  show  practically 
the  same  figures. 

TABLE  5    PERFORMANCE  OF  HIGH-VELOCITY  CONDENSER 


Surface  per  Stand ISO  sq.  ft. 

StandB  in  Battery 6 

Refrigeration  per  Stand 7.7 

Refriceration  per  Battery 46.2 

Sxirtaoe  per  Ton  Refrigeration 10.9  eq.  ft. 

Water  on Mckcfaihr. 

Water  off 89  dec.  fafcr. 

Condenser  Pressure,  Gas  Header 178  lb. 

Condenser  Pressure.  Liquid  Header 197  lb. 

Mean  Condensing  Pressure  Assumed ITS  lb. 

Mean  Condensing  Temperature 93  deg.  fahr. 

Temperatxire  Entering  Gas 100  dag.  lahr. 

Pressxire  Drop  through  Condenser 11  lb. 

Temperature  Difference,  Mean 9.1  deg.  fabr. 

Entering  Velocity,  Condenser  Section 90.9  ft./i 

Heat  Transmission,  B.t.u.  per  Sq.  Ft.  per  De;.  per  Hr 149 


72  Not  only  is  the  transmission  of  heat  in  a  condenser  affected 
by  the  velocity  of  the  water,  but  also  to  a  great  extent  by  the 
velocity  of  the  gas;  in  fact,  if  the  latter  is  increased  sufficiently  in  a 
plain  atmospheric  condenser,  as  rapid  a  transmission  of  heat  can  be 
secured  in  it  as  is  usually  obtained  in  a  flooded  condenser. 

73  The  data  in  Table  5  show  the  performance  of  an  atmoepheric 
condenser  built  especially  for  very  high  gas  velocity.  This  con- 
denser, Fig.  12,  gave  good  results,  but  it  developed  so  many  com- 
plications that  it  cannot  be  recommended  as  a  practical  type. 

74  Fig.  13  presents  the  effect  on  the  transmission  of  heat  of 
the  velocity  of  the  water  in  the  pipes  of  a  condenser.  The  points 
in  the  graphs  were  plotted  from  values  obtained  with  a 
condenser  of  the  drip-pipe  type. 
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as  many  as  five  pipes  before  it  is  reduced  to  the  saturated  state; 
such  a  condition  never  arises  in  a  flooded  condenser,  in  which  the 
condensing  surface  is  more  effective. 

78  A  rather  frequent  objectionable  condition  is  the  presence 
of  air  in  the  condenser.  In  order  to  be  able  to  extract  it  without 
interfering  with  the  operation  of  the  remainder  of  the  system  or 
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Fig.  14    Ammonia-Condenser  Types 

losing  much  ammonia,  the  condenser  must  be  provided  with  a 
suitable  purging  arrangement,  as,  for  example,  the  one  represented 
in  Fig.  15,  which  was  used  with  installation  B,  in  Test  2,  Table  4. 
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Fig.  15    Non-Condensable  Gas-Purging  Arrangembnt 


79  The  presence  of  air  in  the  condenser  often  causes  the  ocflsa- 
lion  of  the  flow  of  the  li(iuid  through  the  pipes  and  thus  seriously 
impairs  the  efficient  performance  of  the  condenser.  The  author 
has  had  occasion  to  observe  in  certain  plants  he  inspected  that  the 
condenser  pressure  dropped  20  to  30  lb.  after  the  air  was  removed 
from  the  system. 

80  To  secure  a  proper  gas  circulation  and  distribution  in  the 
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85  The  proper  construction  of  a  cooling  tower  is  far  more 
important  in  a  refrigerating  plant  than  in  a  Bteam  plant.  Id  tbe 
latter  we  can  get  25  in.  of  vacuum  with  water  at  105  deg.  fahr.; 
but  in  the  refrigerating  plant,  with  the  same  temperature,  the  am- 
monia condenser  pressure  would  be  about  280  lb. 

86  The  limit  of  atmospheric  cooling  depends  upon  the  wet- 
bulb  temperature.  The  rate  of  cooling  depends  upon  the  vapor- 
pressure  diflference  between  the  dewpoint  and  the  temperature  of 
the  cooling  water  as  modified  by  the  wet-bulb  depression.  Roughly 
speaking,  each  degree  of  water  temperature  is  equivalent  to  three 
pounds  of  condenser  pressure. 

87  A  forced-draft  tower  is  most  dependable,  but  the  objection 
to  it  is  that  it  increases  the  auxiliary  power.  Far  more  air  is 
required   to  cool  ammonia-condenser  waler  than   8t«am-condeDser 
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wafer  and  also  a  great  deal  larger  cooling  surface,  since  the  cooling 
in  the  ammonia  condenser  takes  place  below  the  atmospheric  tem- 
perature. Fan  power  is  directly  proportional  to  the  volume  of  air 
blown  and  to  the  square  of  the  resistance.  A  forced-draft  cooling 
tower  should  be  so  proportioned  as  to  give  a  cooling  efficiency  of 
from  80  to  90  per  rent.  It  is  desirable  to  maintain  the  auxiliary 
power  at  0.5  hp.  per  ton  of  ice.  Most  towers  in  actual  operation 
give  a  cooling  efficiency  of  only  .V)  to  60  per  cent.  Some  tested  by 
the  writer  gave  only  30  per  cent. 

88  Of  all  the  pconoinic  factors  entering  into  the  operation 
of  refrigerating  plants,  the  pni()er  distribution  of  the  water  over 
the  cooling  tower  is  receiving  the  least  attention.  Cooting-tower 
performance  shoul<l  not  be  judged  alone  by  the  approach  of  the  final 
temperature  of  the  water  to  that  of  the  wet  bulb,  but  also  by  tbe 
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that  the  sun  will  never  Btrike  the  troughs.  It  is  well  to  chedc  the 
cooling-tower  efficien(7  frequently  &s  the  troughs  easily  get  out  of 
level. 

90    The  use  of  a  properly  deagned  cooling  tower  is  preferable 
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to  pumping  water  from  a  well,  except,  when  the  well  water  is  veiy 
cold.  Id  summer,  in  even  the  hottest  and  most  humid  parts  of 
the  United  States,  the  temperature  of  tiie  water  in  the  ooohng 
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FiH.  21     CoKDENSER  Surface  Requibed  with  Vauodb  Beat  faumfiMiOKi 
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tower  will  hardly  ever  be  So  de^.  fahr.;  it  will  ordinarily  be  bdow 
80  deg.  fahr.  and  in  winter  50  deg.  fahr.  and  evm  tees.  In  Eaet, 
with  a  cooling  tower  it  is  not  impossible  to  obtain  is  winter  a  oon- 
tlenser  pressure  of  65  lb.,  while  with  well  water,  the  temperature  of 
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fully  determined  and  the  tower  placed  with  regard  to  the  wind 
direction  and  not  with  r^ard  to  its  symmetry  with  the  otheo-  buUd- 
ii^s.  The  towers  should  not  be  built  square  but  rectangular,  twice 
as  long  as  they  are  wide,  and  should  be  placed  so  that  the  wind 
strikes  on  the  longer  side. 

94  The  proper  relative  position  of  the  cooling  tower,  as  regards 
the  condenser,  is  a  most  important  feature.  It  must  be  remem- 
l>ered  that  the  auxiliary  power  should  be  kept  down  to  the  minimum 
of  0.5  hp.  per  ton  of  ice,  also  that  if  the  head  is  reduced  more  water 
can  be  pumped  with  the  same  power  and  thus  lower  condesuer 
pressures  are  obtained.    In  many  plants  the  cooling  tower  and 
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the  condenser  are  placed  on  the  same  level  with  the  result  that  tit 
circulating  pumps  are  operated  in  place  of  one.  The  relative  poi 
tion  of  the  coohng  tower  and  the  condenser  should  always  be  o 
above  the  other,  with  the  preference  of  the  condenser  being  in  1 
higher  position,  since  unobstructed  air  access  is  more  import) 
with  an  atmospheric  condenser  than  with  a  coohng  tower.  B 
are  more  conveniently  located  upon  a  roof. 

95    The  spray  system  has  recently  been  introduced  in  cod 
tion  with  ammonia  condensing  systems  and  very  good  raaultc 
l>eing  obtained.     Its  cooling  efficiency  varies  from  45  to  70  per 
depending  upon  humidity,  wind  velocity,  fineness  of  q)ray 
pressure  at  the  nozzles.    In  the  calculations  which  must  be  toMi 
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the  pressure  in  absorber,  and  the  dimensions  of  the  surface  and  the 
efficiency  of  the  absorber,  the  condenser  and  the  generator. 

99  With  brine  temperatures  between  15  and  0  deg.  fahr.  low- 
pressure  machines  are  not  used,  but  could  be  made  available  by  the 
employment  of  either  a  reciprocating  or  a  centrifugal  booster  that 
would  compress  the  gas  after  leaving  the  evaporator  to,  say,  from 
minus  5  lb.  to  plus  15  Jb. 

100  The  low-pressure  absorption  machine  can  be  operated  suc- 
cessfully even  when  the  available  water  has  a  temperature  of 
80  deg.  fahr.  Considering  therefore,  that  atmospheric  conditions 
throughout  the  United  States  make  it  entirely  possible  to  obtain 
water  at  80  deg.  fahr.  in  summer,  it  may  be  assumed  that  the  low- 
pressure  absorption  machine  is  practical  throughout  this  country. 

101  The  amount  of  water  required  in  the  operation  of  an 
absorption  machine  is  variable.  If  the  absorption  machine  is  of 
the  high-pressure  type,  on  account  of  the  gradual  rise  of  the  tem- 
perature of  the  water  as  it  flows  through  the  various  apparatus, 
the  total  amount  of  water  required  is  not  greater  than  the  quantity 
usually  needed  in  the  operation  of  a  steam  condensing  compression 
plant.  A  low-pressure  machine,  on  the  other  hand,  often  requires 
two  separate  streams  of  water,  which  materially  increases  the 
consumption. 

102  A  saving  in  water  is  effected  by  operating  the  abeorpticm 
machine  in  connection  with  a  compression  machine,  because,  in 
this  case  it  is  not  necessary  to  circulate  other  water  in  the  steam 
condenser.  Fig.  24  illustrates  a  method  of  combining  compression, 
absorption  and  evaporation  in  the  same  system. 

DISTILLED-  AND   RAW-WATER  SYSTEMS 

103  The  advisability  of  using  water  evaporators  should  be 
carefully  considered  before  adopting  a  raw-water  system  in  a  steam 
plant.    Where  the  quantity  of  the  available  water  is  such  tha 
raw-water  ice  cannot  be  made  successfully,  the  installation  of  evapc 
rators  is  highly  desirable. 

104  There  are  two  types  of  evaporators,  high-pressure  ai 
vacuum.    Under  proper  conditions  both  give  satisfactory  servf 
and  neither  one  develops  as  much  trouble  from  the  formation 
scale  as  is  ordinarily  assumed.    The  writer  knows  of  evaporat 
operated  successfully  in  a  region  where  the  water  contains  a  If 
amount  of  salt,  a  large  amount  of  carbonates,  and  consider 
calcium  and  magnesium  sulphate.     Of  course  they  will  hav 
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111  The  economy  and  ammonia-consumption  bonuses  are  the 
most  important,  but  they  are  defined  with  difficulty.  In  regard  to 
economy  bonuses,  the  best  system  of  granting  them  is  devised  by 
taking  the  quantity  of  fuel  used  per  tons  of  ice  made  in  one  season 
as  an  expected  minimum  at  which  no  bonuses  will  be  given,  and 
then  making  a  very  thorough  examination  of  the  plant  for  the  pur- 
pose of  ascertaining  the  possibilities  of  increasing  the  output.  For 
instance,  in  an  ice  plant  making  15,000  tons  of  ice  per  year  at  the 
rate  of  1.5  tons  of  ice  per  barrel  of  oil,  a  thorough  examination 
proved  that  with  a  slight  reconstruction  and  improved  operation, 
2.3  tons  of  ice  per  barrel  of  oil  could  be  expected;  accordingly, 
Table  6  was  drawn  up,  giving  the  value  of  the  savings  made  and 

TABLE  6    BONUS  OUTLINE 


Tons  of 

Cost  of  Fuel 

Total 

Clear 

Ton*  of  Ice 
pvTon 
oflMOO 

B.t.«.  Fuel 

loeper 
Bbl.  of  Oil 

Saving, 
Per  Cent 

per  Ton  Ice, 
Dollarn 

Saving. 
Dollars 

Bonus, 
Dollars 

Saving. 
Dotlara 

1.5 

0.533 
0.50 

4.8 

1.6 

6.2 

495.00 

99.00 

896.00 

ft.ie 

1.7 

10.9 

0  475 

870.00 

174.00 

606.00 

549 

1.8 

16  7 

0.444 

1335.00 

267.00 

1068.00 

6.81 

1.9 

21.0 

0.421 

1680.00 

336.00 

1S44.00 

6.  IS 

2.0 

24  9 

0.40 

1995.00 

399.00 

1606.00 

6.M 

2  1 

28.5 

0.381 

2280.00 

456.00 

1814.00 

6.78 

2  2 

31.2 

0.363 

2550.00 

570.00 

SOIO.OO 

7  10 

2.3 

34.7 

0.348 

2775.00 

555.00 

2260.00 

7.U 

2.4 

37.5 

0  333 

3000  00 

600.00 

2400.00 

I  75 

2  5 

40  0 

0  32 

3195.00 

639.00 

1 

2556.00 

807 

the  bonus,  which  was  taken  as  20  per  cent  of  the  saving  effected. 
The  monetary  value  of  the  saving  was  based  upon  the  cost  of  oil, 
in  this  case  80  cents  per  barrel. 

112  The  i)ercentage  of  saving  to  be  paid  out  as  economy  bonus 
will  depend  upon  the  size  of  the  plant,  the  facility  of  making  the 
saving,  the  magnitude  of  saving  possible  and  the  cost  of  fuel,  but 
will  range  from  50  per  cent  in  small  plants  to  10  per  cent  in  large 
plants,  or  in  plants  where  large  savings  are  possible.  Ever^*  plant 
should  hav('  an  economy  standard  and  the  aim  should  he  to  do 
bettor  overv  v(»ar. 

1 18  Th('  1  onus  outline  should  ))e  simple  so  the  men  can  under- 
stand it,  otIuTwise  their  interest  will  be  greatly  reduced.  The 
bonus  should  be  preferably  paid  at  the  end  of  the  season,  although  this 
de|)cnds  upon  conditions,  and  any  man  leaving  the  company  during 
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head  temperature  was  much  higher  where  the  steam  entered  and 
the  exhaust  ports  much  colder  than  in  the  counterflow  engine,  and 
therefore  the  cylinder  condensation  was  almost  eliminated.  The 
clearance  surfaces  were  kept  dry,  reducing  the  heat  transfer.  A 
150-hp.  non-condensing  engine  required  only  18  lb.  of  steam  per 
i.hp-hr.,  and  a  condensing  engine  11  lb.,  if  the  steam  was  supplied 
at  125  lb.  pressure.  Its  consumption  curve  was  also  very  much 
flatter  than  that  of  a  Corliss  engine,  and  the  surface  within  the 
cylinder  was  kept  very  small.  At  light  loads  the  economy  of  the 
uniflow  engine  was  therefore  nearly  as  high  as  at  full  load.  Again, 
it  made  very  Uttle  difference  in  the  total  heat  consumption  whether 
the  steam  was  highly  superheated  or  dry  saturated. 

TABLE   7    STEAM   CONSUMPTION  OF    ONIFLOW  ENGINES  AT  VARIOUS   LOADS 

IN  LB.  PER  I.HP-HR. 

(Steam  pressure,  150  lb.  per  sq.  in.) 


Engines  Tested 


60    i.hp.,  non-condensing,  atmospheric  exhaust 
800  i.hp.,  non-condensing,  atmoq>heric  exhauHt. 

60    i.hp.,  condensing,  26-in.  vacuum 

800  i.hp.,  condensing,  26-in.  vacuum 


H 

H 

H 

f4 

IH 

load 

load 
20.7 

load 

load 

k»d 

22.2 

20.7 

21.3 

23.5 

20.7 

19 

19 

19.7 

208 

15.5 

14.6 

14.6 

Ift.S 

165 

14.7 

13.8 

18.8 

14.5 

15.8 

Arthur  J.  Wood  called  attention  to  the  effect  of  superheat  on 
the  steam  consumption  of  different  types  of  engines  and  noted  the 
difference  between  economies  from  best  test  results  and  from  actual 
guarantees.  Table  7  gives  values  guaranteed  by  one  of  the  prominent 
makers  of  uniflow  engines.  The  figures  are  in  pounds  per  i.hp-hr. 
for  dry  saturated  steam  and  are  for  small  and  for  large  units  built 
by  the  company.  The  full  load  of  the  engine  is  based  on  approzi* 
inately  20  per  cent  cut-off  non-condensing  and  15  per  cent  cut-off 
condensing. 

Table  7  is  for  dry  saturated  steam.  With  the  use  of  superheated 
stoain  these  figures,  both  condensing  and  non-condensing,  would  be 
lowered  about  as  follows: 


Superlietit ,  deg 

He<lurtion  uf  Hteam  conHumption,  Ih.  per  i.hp.  per  hour 


50 
1?4 


75 

2^ 


Note  that  the  reduction  in  steam  consumption  is  the  greatest  for 
the  first  r)()  (leg.  of  sui)erheat,  which  is  If  lb.  per  hour,  whereas  the 
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erably  higher.  When  compared  with  induction  or  slip-ring  motors 
of  the  same  speed  there  is  a  decided  advantage  from  the  standpoint 
of  price,  in  favor  of  the  synchronous  motor. 

The  fact  that  such  a  motor  is  operated  at  unity  power  factor  and 
can  be  operated  at  a  leading  power  factor  makes  it  a  desirable  form  of 
load  from  the  central-station  standpoint.  The  ease  in  starting  and 
reliability  in  operation  make  this  type  of  motor  an  ideal  prime 
mover  in  the  ice-making  or  cold-storage  plant. 

George  A.  Horne  favored  electric  drive  because  it  was  mutually 
advantageous  to  both  the  user  and  the  central  station.  The  central 
stations  had  to  maintain  large  equipments  to  take  care  of  peak  loads 
during  the  winter.  Ice  and  refrigerating  plants  required  most  of 
their  power  in  summer.  For  a  number  of  years  the  central  stations 
in  large  cities  had  offered  to  such  plants  '' off-peak"  contracts  at 
attractive  rates.  This  off-peak  period  might  extend  over  two  to 
four  months  in  winter,  during  which  time  the  customer  agreed  to 
use  from  4  to  8  p.m.  not  to  exceed  20  per  cent  of  the  preceding  maxi- 
mum demand.  Any  current  used  in  excess  of  this  must  be  paid  for 
at  a  high  rate,  but  with  judicious  management  this  penalty  did  not 
arise.  In  fact,  it  was  found  in  two  500-ton  plants  that  the  shut- 
ting down  of  the  main  compressors  for  four  hours  was  hardly  notice- 
able in  well-insulated  cold-storage  rooms  filled  with  chilled  goods, 
and  even  in  a  pipe-line  system  there  was  so  much  reserve  capacity 
stored  up  that  the  heat  influx  during  such  idle  time  could  be  easily 
removed  when  the  machines  were  started  at  8  p.m.  In  other 
words,  an  interruption  of  four  hours  out  of  twenty-four  proved  to 
be  entirely  practical,  so  long  as  the  auxiliaries  were  kept  going,  and 
thus  large  ice  and  refrigerating  plants  were  in  position  to  secure  a 
rate  as  low  as  0.9  cent  per  kw-hr. 

John  H.  Dillon,  commenting  on  Par.  34,  wrote  that  his  ex- 
])erience  had  been  that  where  the  air  lift  had  not  given  satisfaction, 
it  had  l)een  due  either  to  improper  design  of  the  piping  —  which 
seriously  reduced  the  efficiency  —  or  to  failure  of  the  wells  to  deliver 
the  expected  quantity  of  water.  All  unnecessary  valves,  elbows  and 
bends  should  be  avoided. 
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THE  CONSERVATION  OF  HEAT  LOSSES 
FROM  PIPES  AND  BOILERS 

Bt  Glbn  D.  Baolbt,  Pn'mBUMoa,  Pa. 
AflBooiaie-Meaiber  of  the  Sodety 

Bwery  means  cf  aeoompiMing  a  mmng  in  tk$  eontumpHom  qf  cool  it  ^  frmi 
present  importance.  One  of  the  maei  unportanl  mmne  ia  ike  wee  ef  ike  pnper  keai 
uuuUxdonfcr  eieam  pipee  and  hoilere  ae  wdL  ae  all  oiker  keaied  mafaeee. 

Tkie  paper  preeente  the  reeuUe  cj  a  eeriee  cf  experimenie  made  ai  ike  MtOan 
IneHiute  cf  Induetrid  Beeeardi  on  85  per  cent  magneeia  eaeerin§e,  Tke  weeOiade 
cf  meaeurement  cf  the  loeeee  from  bare  w%d  eoeerei  pipee  are  deeeribed  and  a  §tmM 
method  far  the  eaUadaJtion  of  the  loeeeefrom  eoeerei  eyrfaeee  ie  deedoped,  Tke  e§ed 
cf  ike  earioue  factare  cf  eieam  lemperaheret  eoei  cf  coot,  oiid  eim  cf  pipe  «»  A*  md- 
nomie  eide  cf  the  problem  ie  worked  aid  and  iablee  are  gieen  ekcmin§  ike  proper 
ihickneee  cf  coeering  to  uee  under  all  eondiiioiu.  Tke  cffede  cf  air  ewrremte  on  keai 
loeeee  haee  been  etudied  and  teete  hare  aleo  been  made  io  ddorwdme  ike  permanemee 
of  the  original  healHinetdating  guaUOee  m  eeroioe,  Seeend  large  eceie  experimenie 
haee  been  made  on  pracOeal  inetaUaOone  to  cftadb  up  ike  remdte  cf  tke  Ubaratekg 
experimenie  under  actual  eonditione,  TdUee  rkmaeng  ike  ecudng  in  eoei  or  weoneg 
wkieh  ie  aeeompliehed  by  the  use  of  cooeringe  are  presenied. 

nPHE  purpose  of  this  paper  is  to  present  a  more  ocHnplete  and 
detailed  method  of  solving  the  problems  involved  in  the  cal- 
culation of  the  heat  losses  from  bare  and  covered  pipes  and  the 
economic  problems  encoimtered  in  the  practical  appUcation  of  cover- 
ings. The  factors  in  the  economic  calculations  are:  the  cost  of  the 
heat,  the  cost  of  the  covering,  the  size  of  the  pipe,  the  temperature  of 
the  pipe,  and  the  temperatmre  of  the  atmosphere.  It  is  necessary  to 
consider  all  these  factors  together  in  order  to  obtain  a  correct  result. 
2  The  data  contained  in  the  paper  are  a  part  of  the  results 
obtained  in  an  investigation  conducted  for  the  Magnesia  Association 
of  America  by  the  Mellon  Institute  of  Industrial  Research.  The 
assistance  received  from  the  Association  and  from  the  Administra- 
tive Staff  of  the  Institute  has  materially  aided  in  the  successful  prog- 
ress of  the  investigation,  and  credit  is  also  due  to  Mr.  G.  F.  Gray, 
who  was  originally  in  charge  of  the  work,  and  to  Mr.  R.  H.  Heilman, 
who  has  assisted  in  securing  the  data. 

Presented  at  the  Annual  Meeting,  December  1918,  of  Tbb  Ameucaii 
SociETT  OP  Mechanical  ENaiNKKBS. 
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3  It  is  generally  recogiiized  that  the  losses  from  bare  pipes  and 
boilers  are  considerable,  but  the  real  magnitude  of  these  losses  is 
little  appreciated.  The  fact  that  the  loss  from  1000  sq.  ft.  of  ex< 
posed  surface  at  100  lb.  per  sq.  in.  steam  pressure  amounts  to  over 
300  tons  of  coal  annually  is  sufficient  justification  for  serious  oon* 
sideration  of  the  subject. 

HEU.T  LOSSES  FROM  BABE  SUBPACB8 

4  In  a  study  of  the  conservstion  of  losses,  the  first  important 
fact  to  be  considered  is  the  actual  value  of  the  losses  from  bare  but- 
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Temparature  0'iffer«nca,  Deg.Fahr. 
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faces.  It  is  often  considered  that  the  loss  from  any  ban  ■ 
3  B.t.u.  per  sq.  ft.  per  hr.  per  deg.  fahr.  temperature  differaDoe  be- 
tween the  surface  and  the  surrounding  aii.  While  this  value  u  oof^ 
rect  for  some  special  cases,  it  is  by  no  means  generally  so.  Most 
investigators  have  confined  their  measurements  to  one  sUe  of  pipe 
at  one  temperature  difference.  Both  the  siie  of  pipe  and  the  ton- 
per&ture  difference  have  an  important  effect  on  the  value  of  this 
constant.    Paulding  in  his  book  on  Steam  in  Covered  and  Bait 
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PipeB  has  worked  out  the  theory  ot  heat  loseee  from  bare  pipes  from 
the  researches  of  the  French  physiciBt  F^olet.  The  ourvea  of  Fig.  1; 
show  the  application  of  thia  theory  to  horizontal  [npefl.  The  solid 
curves  indicate  Paulding's  valuee,  while  the  dotted  eurrfls  and  tiw 
points  ffve  the  results  of  various  ezpttimental  tests.  The  curve 
made  at  the  Mellon  Institute  on  3-in.  pipe  coinoides  at  the  tower  end 
with  Fauldii^s  curve  for  3-iu.  pipe  but  rises  scmiewhat  more  steeply. 
McMillan's  curve  on  5-in.  pipe  coincides  at  both  ends  with  the 
MelloQ  Institute  curve  but  is  somewhat  lowcf  throughout  its  Imgth. 
5  The  single  points  made  by  other  investigators  cotdcide  doeely 
with  Paulding's  curves.  It  seems  that  Paulding's  curves  fpve  the 
best  average  values  for  use  in  calculating  heat  losses.  They  show 
that  the  constant  may  vary  from  50  p^  cent  below  3  B.t.u.  per  sq. 
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ft.  per  hr.  per  deg.  fahr.  to  values  far  above  it.  At  500  deg.  temper- 
ature difference,  which  is  often  attained  with  superheated  steam,  the 
constant  increases  to  double  this  value  for  the  smallest  size  of  pipe. 
In  some  chemical  plants  steam  is  used  at  temperatures  of  1100  deg. 
fahr.  The  importance  of  using  very  thick  insulation  at  these  tem- 
peratures  is  easily  judged  from  the  rate  at  which  the  loss  is  increas- 
ing at  500  deg.  fahr.  It  is  to  be  noted  that  these  values  are  all 
considerably  higher  than  the  values  given  in  Kent  for  losses  from 
bare  surfaces. 

HEAT  LOSS  FROU   INSULATED   PIPES 

6  The  next  important  point  in  a  consideration  of  the  oonserva- 
tion  of  heat  losses  is  the  value  of  the  loss  after  th6  pipes  are  insulated. 
The  apparatus  used  in  determining  these  values  is  shown  in  Figs.  2, 
3  and  4.     Fig.  2  is  from  a  phot<^aph  of  the  apparatus  as  inatalled  at 
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the  Mellon  Institute.  Fig.  3  shows  a  cross-section  of  the  heater  with 
the  covering  applied  and  Fig.  4  the  wiring  diagram.  The  case  of  the 
heater,  Fig.  2,  consisted  of  three  pieces  of  3-in.  pipe,  the  middle 
section'being  3  ft.  long  and  each  end  section  1}  ft.  long.  The  aeo- 
tions  were  connected  by  heat-insulating  disks  of  asbestos  board  and 
each  end  section  was  provided  with  a  hemispherical  cap  of  cast  inm. 
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Fig.  3    Cbo8&-Section  of  Heater  with  Covering  Applied 


Inside  of  each  section  was  an  electric  heater  made  by  winding 
tance  wire  on  a  frame  of  asbestos  boards.    The  wires  were  findy 
spaced  and  close  to  the  inner  surface  of  the  pipe. 

7    Tests  were  made  on  five  different  makes  of  magnewa,  in  14il, 
2-in.,  and  3-in.  thicknesses.    The  results  of  these  tests  are  shown  in 
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Fig.  4    Wiring  Diagram  op  Apparatus  Shown  in  Fta.  2 

Fig.  5.  These  curves  are  all  corrected  for  slight  variatioDB  ia  thick* 
ness  so  that  they  are  the  true  curves  for  the  thickness  giveo.  Fig.  6 
gives  a  comparison  of  the  losses  from  a  bare  pipe  with  the 
through  coverings  1  in.,  2  in.  and  3  in.  thick.  The  oontntt  is 
striking.  The  efficiency  increases  with  the  temperature  as  the 
from  bare  pipe  increases  much  more  rapidly  in  proportion  than  the 
loss  from  covered  pipe. 
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heaters  were  then  adjusted  until  the  temperatures  shown  by  tba 
thermocouples  attached  to  the  surface  of  the  pipe  were  alike  on  both 
middle  and  end  sections.  The  coveringa  were  dried  out  for  Berenl 
days  until  conditions  became  constant,  as  shown  by  the  readings 
which  were  taken  every  hour.  The  average  of  three  conaeeutiva 
constant  readings  was  then  used  to  calculate  the  conductivity.  Hie 
power  input  was  read  on  an  accurate  wattmeter  and  the  temperature 
of  the  pipe  by  copper-constantan  thermocouples  peened  into  tite 
sm^ace.  Since  the  end  sections  of  the  pipe  were  adjusted  to  the 
same  temperature  as  the  middle,  there  could  be  no  flow  of  heat  ip  a 
direction  parallel  to  the  axis  of  the  pipe.  This  obviated  the  neces- 
sity for  any  kind  of  end  corrections  in  connection  with  the  conduo- 


Fiu.  7    Caubration  Curve,  Coffer-Cokbtantan  TaxanocavruM 

tivity  measurements.  To  obtain  the  conductivity  of  any  covering 
in  B.t.u.  per  sq.  ft.  per  hr.  per  deg.  fahr.,  it  was  only  neoeflaary  to 
convert  the  power  input  to  the  middle  section  in  kilowatt-hours  to 
B.t.u.  per  hr.  and  divide  by  the  area  of  the  surface  of  the  middle 
section  in  square  feet  and  by  the  temperature  difference  between  tbe 
air  'and  pipe.  The  temperature  of  the  air  was  measured  by  ther- 
mometers suspended  several  feet  from  the  pipe. 

CALIBRATION  OP  THE  THER1IOCOUFLE8 

9  The  temperature  of  the  pipe  was  measured  by  coppw-oon- 
stantan  thermocouples.  It  was  found  that  the  variation  of  indir 
vidual  samples  from  the  standard  curve  of  the  I 
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CALCDLATION  OF  HEAT  I.088ES  THBOnOH  COTZBnfaS 

10  The  theoretical  calculation  of  losses  through  coveringi  OD 
Bat  Burfaces  is  quite  simple,  but  the  problem  of  curved  auifacei  i> 
much  more  difficult.  In  this  case  the  effect  of  the  increased  ero»- 
section  and  surface  area  must  be  taken  into  account.  Fig.  8  shorn 
a  crosa-fiection  of  a  pipe  aud  covering. 

11  Since  the  conductance  is  directly  proportional  to  the  croos- 
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sectional  area  and  inversely  proportional  to  the  length  of  the  path, 
the  increment  of  heat  loss: 


KdAdT     K(RdS^dX)dT 
''       dL      "  '      dR 


f]'frKiRd$dX)dT     2tK  (f,  -  T,) 
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where  H  -  heat  loss  in  B.t.u.  per  hr.  per  ft.  length  of 
7*1  -  temperature  of  surface  of  pipe  in  deg.  fahr. 
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measurements  at  the  iimer  and  outer  surfaces  of  the  i'™'V*'''n 
material  and  not  on  the  temperature  at  the  outer  surface  of  the 
canvas  covering  or  in  the  air. 

13  The  difference  in  temperature  between  the  outer  surface  of 
the  insulating  material  and  the  temperature  of  the  ambient  air  is  ■ 
definite  function  of  the  heat  transmitted  per  sq.  ft.  of  the  outer 
surface  of  the  covering  and  of  the  kind  of  protective  material  used 
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over  the  insulation.  In  Fig.  10  is  given  a  curve  showing  this  rdft- 
tion  for  the  canvas  covering  as  ordinarily  used  for  this  purpose. 
This  curve  was  developed  by  L.  B.  McMillan  at  the  Univenify  of 
Wisconsin  and  has  been  checked  during  this  investigation.  To  VB 
Formula  (2)  for  a  pipe  covering  in  still  air,  an  estimate  of  the  hmi 
loss  per  Bti.  ft.  of  the  outer  surface  of  the  canvas  covering  must  fint 
be  made.    From  the  curve  of  Fig.  10  an  estimate  of  the  t 
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16  In  connection  with  this  work,  an  investigation  was  made  b 
determine  the  distribution  of  temperature  about  a  covering  in  stj] 
air.    Fig.  11  shows  the  results  obtained.    The  lines  about  the  coi 
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ering  are  equitemperature  lines  and  are  nearly  parallel  to  the  s 
of  the  covering  except  at  the  top,  which  shows  that  no  oonsidertblt 
OTOr  is  made  by  assuming  equal  temperature  distribution  at  the 
surface  of  the  insulation  in  making  the  calculations. 
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on  the  test  pipe,  a  temperature  difference  of  460  deg.  fafar.  between 
the  pipe  and  the  wind,  and  a  wind  velocity  of  30  m.p.h.  Under 
this  condition  the  loss  was  0.430  B.t.u.  per  sq.  ft.  of  pipe  surface  pa* 
deg.  fahr.  temperature  di£FereDce  per  hr.  Under  normal  conditioiu 
of  still  air  the  loss  was  0.302  B.t.u.  This  shows  an  increase  of  about 
40  per  cent  due  to  the  wind  velocity.  From  a  theoretical  conaidera- 
tion  of  the  question,  it  can  be  shown  that  the  maximum  possible 
increase  of  loss  due  to  wind  will  be  reached  when  the  temperature 
below  the  surface  of  the  canvas  covering  on  the  magnesia  is  reduced 
to  the  temperature  of  the  wind  itself. 

19  The  curve  of  Fig.  10  shows  the  temperature  beneath  the 
canvas  for  any  condition  of  loss  in  still  air.  When  calculations  are 
being  made  for  exposed  pipes,  the  loss  should  be  calculated  both  by 
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use  of  this  curve  as  explained  before  and  by  using  the  temperature  of 
the  pipe  and  the  temperature  of  the  air  for  Ti  and  Ti.  By  compar- 
ing tlie  loss  in  still  air  and  the  maximum  loss  which  may  be  caused  by 
wind,  an  idea  of  the  probable  increase  due  to  exposure  can  be  ob- 
tained and  extra  thick  insulation  applied  accordingly.  Curves  are 
being  worked  out  to  show  the  percentage  increase  in  loss  at  various 
different  wind  velocities  and  different  temperature  differences. 

PERMANENCY  OF  INSULATING   QUALITIES  OP  COVXBINaB 

20  The  last  important  point  in  considering  pipe  covering  is  the 
permanency  of  their  insulation  value.  Tests  were  made  on  asreral 
old  magnesia  coverings.  Hg.  14  shows  the  conductivity  of  a  l-in.* 
(hick  covering  which  had  been  in  service  at  the  Armour  Glue  Wocfca 
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where  the  covering  has  a  finite  cost,  a  point  is  soon  reached  where 
the  increased  cost  of  the  covering  would  be  greater  than  the  addi* 
tional  saving  in  heat  effected.  The  determining  of  this  point  is  the 
thing  in  which  the  user  of  coverings  is  interested,  as  it  is  just  at  this 
point  that  the  maximum  net  saving  is  accomplished. 

INITIAL  COST  OF  COVERINGS 

22  In  Fig.  15  a  set  of  curves  is  given  which  shows  how  the 
list  prices  of  coverings  vary  with  the  thickness.  For  flat  surfaces 
the  price  is  directly  proportional  to  the  thickness,  starting  at  30 
cents  per  sq.  ft.  for  coverings  1  in.  thick.  The  difficulty  of  manu- 
facture of  molded  coverings  for  pipes  results  in  an  increased  cost  per 
sq.  ft.  for  a  1-in.  thickness  and  the  cost  increases  much  more  rapidly 
with  the  thickness  than  in  the  case  of  flat  surfaces.  More  material 
is  also  required  in  molded  coverings  per  sq.  ft.  of  pipe  surface  than  in 
the  same  thickness  in  flat  blocks  on  account  of  the  curvature  of  the 
surface. 

23  By  means  of  the  curves  of  Fig.  16  the  cost  per  sq.  ft.  <d 
surface  covered  can  be  determined  for  any  thickness  desired.  From 
this  cost  the  annual  fixed  charges  due  to  the  covering  can  be  cal- 
culated.  After  considerable  investigation  it  was  decided  that  20 
per  cent  of  the  list  price  of  the  covering  would  be  allowed  as  the  cost 
of  application,  and  13  per  cent  of  the  total  cost  as  the  annual  charges 
(6  per  cent  interest,  5  per  cent  depreciation  and  2  per  cent  insurance 
and  miscellaneous).  This  fixed  charge  was  calculated  for  seven 
different  sizes  of  pipes  and  five  different  thicknesseSi  based  on  list 
cost  of  covering. 

OPERATING  EXPENSES  DX7E  TO  HEAT  LOSSES 

24  The  other  cost  to  be  charged  to  the  operating  expenses  oi  the 
covering  is  the  value  of  the  heat  losses  through  the  different  thiek* 
nesses  of  coverings.  The  previous  work  done  on  measuring  the  loss 
through  15  samples  of  magnesia  furnished  the  necessary  date  for 
calculating  the  loss  in  heat  units.  After  the  hieat  loss  was  deter- 
mined it  was  necessary  to  convert  the  loss  into  dollars  and  cents. 
The  assumptions  used  in  making  this  conversion  were  that  the  cost  of 
coal  is  .75  per  cent  of  the  cost  of  steam,  that  1  lb.  of  coal  as  brnned 
will  evaporate  7  lb.  of  water  from  and  at  212  deg.  fahr^  and  that 
each  pound  of  steam  contains  1000  B.t.u.  above  the  feedwater 
perature.  The  value  of  the  heat  losses  was  calculated  for 
sixes  of  pipes,  five  temperature  differences  between  pipe  tad  aiTi 
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SELECTION  OF  COVERINGS  TO  GIVE  LOWEST  OPERATING 

EXPENSE 

26  The  way  in  which  the  covering  which  gave  the  lowest  operat- 
ing expense  was  chosen  was  to  plot  curves  of  the  type  shown  in  Fig. 
16  for  the  total  operating  expense  for  five  different  thicknesses.  By 
selecting  the  thickness  corresponding  to  the  lowest  point  on  eaefa 
curve,  the  proper  thickness  of  covering  to  use  for  the  temperature 
difference  corresponding  to  that  curve  was  obtained.  One  set  of 
these  curves  was  plotted  for  each  size  of  pipe  at  each  of  four  diffeient 

TABLE  2     THICKNESS  OF  85  PER  CENT  MAGNESIA  FOR  MAXIMUM  NET  BAVINQ 
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steam  costs.  From  this  set  the  thickness  curves  given  in  Fig.  17 
were  derived,  and  from  the  thickness  curves  Table  2,  showing  the 
proper  thickness  in  relation  to  coal  cost  per  ton,  was  obtained  by 
making  the  assumption  previously  explained. 

27  From  these  curves  and  tables  the  proper  thicknew  to  use  in 
order  to  obtain  the  maximum  net  saving  under  any  conditioa  magr 
easily  be  determined. 
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28  The  saving  in  coal  tonnage  and  car  capacity  accomplished 
by  applying  l-in.-thick  coverings  to  3-in.  pipe  iB  shown  in  Table  3. 
The  savings  are  calculated  for  pressures  from  5  lb.  per  sq.  in.  to  200 
lb.  per  sq.  in.  and  100  deg.  fahr.  superheat.  They  vary  from  30 
carloads  at  the  lower  pressure  to  140  carloads  at  the  higher  presBure 
for  every  10,000  sq.  ft.  of  exposed  surface. 

29  In  Table  4  the  saving  is  expressed  in  dollars  and  cents  per 
hundred  lineal  ft.  of  pipe  per  month  when  covered  with  "standard'' 
thick  coverings  and  where  coal  costs  $5  per  ton.  In  this  case  the 
saving  varies  from  $1.44  for  100  ft.  of  ^-in.  pipe  at  5  lb.  pressure  to 
$72.40  for  100  ft.  of  10-in.  pipe  at  200  lb.  pressure  and  100  deg.  fahr. 
superheat. 

TESTS  OF  BOILERS  WITH  AND  WITHOXJT  COVBBINaB 


30  In  order  that  the  results  of  the  laboratory  tests  mig^t  be 
checked  on  a  larger  scale,  several  practical  tests  were  made.  The 
first  and  most  important  of  these  was  a  boiler  test  made  at  a  mine  in 
Bruceton,  Pa.  There  were  two  boilers  in  the  plant,  of  80  and  60 
hp.,  locomotive  type.  The  exposed  surface  on  these  boilors  was 
675  sq.  ft.  The  tests  covered  a  period  of  24  hours.  Conditions  of 
load,  etc.,  were  practically  the  same  during  both  tests.  During  the 
first  test,  while  the  boUers  were  imcovered,  10,784  lb.  of  coal  was 
burned  to  evaporate  58,000  lb.  of  water.  In  the  second  test,  after 
the  boilers  had  been  covered  with  2  in.  of  85  per  cent  wnagn^gif^ 
blocks  and  plastic,  9296  lb.  of  coal  was  burned  to  evaporate  59,500 
lb.  of  water.  The  evaporation  rate  during  the  first  test  was  6.85  lb. 
of  water  from  and  at  212  deg.  fahr.  per  lb.  of  coal  as  fired,  and  during 
the  second  7.55  lb.;  1500  lb.  more  water  was  evaporated  with 
1488  lb.  less  of  coal  burned.  If  calculated  for  an  equal  evapora- 
tion of  water,  the  saving  in  coal  would  be  1700  lb.  per  day.  The 
calculated  saving  based  on  the  laboratory  experiments  was  between 
1400  and  1500  lb.  per  day.  This  saving  amounts  to  15  per  cent  of 
the  coal  burned  due  to  covering  the  boiler  alone,  as  the  pipe  lines 
were  not  included  in  the  test.  (The  results  of  this  test  were  reported 
in  detail  at  the  1918  Spring  Meeting  of  the  Society.  See  p.  400, 
arUe. 

31  A  test  is  now  in  progress  to  ascertain  the  saving  due  to  oot* 
ering  a  gas  hot-water  heater.    This  will  be  reported  later. 

32  It  is  hoped  that  the  data  here  presented  will  be  of  aasiBtanee 
to  engineers  and  will  help  in  the  conservation  of  the  resources  of  our 
country. 
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DISCUSSION 

L.  B.  McMillan  (written).  The  method  emplo3red  by  the 
author  in  malring  his  tests  was  one  of  undoubted  accuracy  if  sue- 
cessfuHy  carried  out.  Therefore  he  is  to  be  complimented  on  his 
work,  as  the  writer  is  familiar  from  his  own  experience  with  the 
difficulties  encountered  in  making  tests  of  this  kind. 

In  Fig.  1  the  author  shows  results  of  various  investigations  on 
the  rate  of  heat  loss  from  bare  pipe  and  he  concludes  that  Paulding's 
curves  give  the  best  average  value.  The  writer  does  not  believe  that 
existing  experimental  data  bear  out  Paulding's  estimated  values, 
which  seem  to  show  such  a  wide  variation  between  losses  from  pipes 
of  various  sizes.  It  is  to  be  expected  of  course  that  the  rate  of  loss 
should  be  greater  from  pipes  of  small  diameter  than  from  larger  ones, 
but  the  writer  does  not  believe  the  differences  are  as  great  as  Pauld- 
ing's curves  would  seem  to  indicate. 

Fig.  18  shows  results  of  tests  by  a  number  of  investigators  and 
the  dose  agreement  of  these  figures  seems  to  show  that  the  size  of 
pipe  has  much  less  effect  .than  Paulding's  curves  would  indicate. 
For  example,  Barms'  results  for  10-in.  pipe  are  only  sli^tly  lower 
than  his  results  for  2-in.  pipe,  and  for  a  comparison  of  this  kind  results 
by  the  same  investigator  are  to  be  preferred  as  other  variables  than 
the  one  being  considered  are  less  likely  to  be  present. 

The  values  given  by  Chr.  Eberle  show  that  the  larger  pipe  has 
the  greater  rate  of  loss,  which  is  just  the  opposite  of  what  we  would 
expect.  This  result,  however,  is  partially  explained  by  the  fact  that 
the  room  temperature  was  about  20  deg.  fahr.  higher  during  the  tests 
of  the  large  pipe  than  during  those  of  the  smaller  one,  and  it  has  been 
shown  that  the  rate  of  loss  is  dependent  upon  the  absolute  tem- 
perature as  well  as  upon  the  temperature  difference. 

Now,  returning  to  Paulding's  curves,  his  results  are  founded  on 
P^clet's  work,  but  referring  to  results  of  more  modem  tests  by 
Barms,  Brill,  Norton  and  Jacobus,  he  calculated  that  Pilot's 
radiation  coefficient  of  0.64  for  iron  surfaces  was  much  too  low  and 
that  it  should  be  about  0.87.  The  lowest  ciurve  in  Fig.  18  represents 
the  results  calculated  from  P^let's  coefficients  as  given  in  Kent,  and 
this  shows  that  those  coefficients  or  some  of  them  must  have  been 
too  low. 

It  is  now  pretty  well  estabUshed  how  great  these  losses  from 
uninsulated  surfaces  are.    For  example,  it  has  been  shown  in  Cir- 
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cular  No.  17  of  the  Ens^eering  Experiment  Station  of  the  Univenity 
of  IlUnois  that  the  annual  loss  from  100  ft.  of  5-in.  bare  pipe  cairying 
steam  at  150  lb.  pressure  amounts  to  2  cars  of  coal  and  12  tank  can 
of  water.  Few  would  leave  such  a  length  of  pipe  uninsulated,  hut 
there  are  many  fianges,  fittings,  short  lengths,  etc.,  which  they  do 
leave  uninsulated. 

Very  little  surface  is  required  to  lose  the  heat  equivalent  to  a  ton 
of  coal  in  a  year,  as  will  be  seen  from  Table  5.  For  example,  even  at 
atmospheric  pressure  it  requires  only  about  7  sq.  ft.  of  surface  and  at 
100  lb.  less  thaif  3  sq.  ft.  of  surface  to  waste  a  ton  of  coal  in  a  year. 
Therefore  even  one  pair  of  10-in.  flanges  without  insulation  re|»e- 
sents  a  loss  of  a  ton  of  coal  per  year. 


Fia.  18    Beat  Lobs  vboh  Bake  Fife 

The  author's  conclusion  in  Par.  18  that  the  mftTimnm  effect  of 
wind  velocity  Is  to  reduce  the  surface  temperature  of  the  insulaticm 
to  the  temperature  of  the  air  itself,  is  in  accordance  with  the  writer's 
views  on  this  subject  as  demonstrated  by  actual  ezpeziment  and 
expressed  in  a  discussion  at  the  1917  Annual  Meeting  of  the  Society. 
However,  in  the  example  given  in  Par.  18  it  is  difficult  to  acoount  for 
the  very  large  increase  in  heat  loss,  as  with  3-in.  mngnnw^  covning 
the  surface  resistance  is  less  than  15  per  cent  of  the  entire  resistance; 
therefore,  removing  this  entirely  should  not  cause  a  40  per  cent 
increase  in  the  rate  of  heat  loss. 

E.  0.  Frrelas'D  (written).  Here  in  Louisiana  there  is  an  enor- 
mous heat  lostj  in  canc-Hugar  factories,  due  to  the  fact  that  the  greater 
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tion  in  a  single  industry,  and  no  doubt  there  are  other  industries  in 
which  heat  losses  due  to  radiation  from  pipes  are  as  great,  if  not 
greater. 

The  author's  tables  showing  the  saving  due  to  pipe  ooverings 
should  prove  of  great  value,  especially  Table  2,  because  of  their 
completeness  and  condensed  form. 

L.  R.  Ingersoll^  (written).  One  conclusion  which  may  be 
readily  drawn  from  the  tables  and  curves  of  the  paper,  and  which 
I  should  Uke  to  see  emphasized,  is  that  added  thicknesses  of  covering 
are  relatively  much  more  effective,  on  large  pipes  than  on  small. 
In  a  recent  installation  which  I  have  in  mind  it  was  desirable  to  keep 
the  basement  through  which  most  of  the  steam  pipes  ran  as  cool 
as  possible,  and  this  was  done  by  specifying  double  covering  on  all 
pipes  whether  1-in.  or  6-in.  While  a  Uttle  cost  calculation  might  be 
necessary  to  establish  the  fact,  it  is  almost  obvious  that  it  would 
have  been  better  to  omit  the  second  covering  on  the  smaller  siiea 
of  pipe  and  spend  the  money  saved  in  extra  lagging  on  the  larger 
mains. 

F.  M.  Farmer  (written).  At  the  Electrical  Testing  Laboratories 
we  have  done  a  considerable  amount  of  testing  of  commercial  steam- 
pipe  coverings,  and  within  the  last  few  weeks  completed  some  tests 
on  a  number  of  coverings  up  to  800  deg.  fahr.  pipe  temperature. 
In  these  tests  we  used  the  method  originated  by  the  late  H.  G. 
Stott,  with,  however,  certain  important  changes  which  ftlimini^tfH 
the  principal  objections  to  that  method,  namely,  the  long  length  of 
pipe  employed  to  minimize  the  end  effects  and  the  large  currents 
required. 

Each  sample  consisted  of  enough  covering  to  cover  one  standard 
length  of  3-in.  pipe  —  about  18  ft.  The  heat  was  supplied  in  the 
form  of  alternating  electrical  energy  expended  directly  in  the  pipe, 
and  temperatures  were  measured  with  thermocouples  distributed 
along  the  surface  of  the  pipe.  The  end  effects  were  eliminated  by 
increasing  the  temperature  at  the  ends  of  the  pipe  by  means  of  a 
variable  amount  of  resistance  introduced  in  the  circuit  at  those  points. 
These  resistances  were  adjusted  until  the  temperature  was  the  same 
near  the  ends  of  the  pipe  as  at  the  middle.  Under  these  oonditioDS 
there  is,  of  course,  no  longitudinal  flow  of  heat,  and  the  heat  loss  from 
a  definite  length  of  the  covering  is  obtained  by  simply  measuring 
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the  watts  dissipated  i^  that  length  of  pipe.  In  these  tests  measure- 
ments were  made  over  a  6-ft.  length  and  an  8-ft.  length  at  the  middle 
of  the  pipe. 

The  use  of  alternating  current  rather  than  direet  current  sim- 
plifies this  method  very  much.  Not  only  are  the  necessary  currents 
to  give  the  desired  temperatures  much  smaller,  but  a  step-down 
low-voltage  transformer  can  be  used  close  to  the  pipe,  thus  simplify- 
ing the  wiring  from  the  source  of  power.  The  measurement  of 
alternating-current  power  is  now  a  simple  matter  with  mod^n  re- 
flecting dynamometer  types  of  wattmeters. 

The  advantage  of  more  uniform  pipe  temperature  is  obtained  if 
the  heat  is  supplied  to  an  intervening  medium  between  the  elec- 
tric heater  and  the  pipe.  This  medium  was  oil  in  Mr.  McMillan's 
tests  and  air  in  the  author's  tests.  In  our  tests,  where  the  elec- 
trical energy  was  supplied  directly  to  the  pipe,  we  have  found  stig^t 
differences  in  the  temperature  due  apparently  to  slight  variations 
in  the  electrical  resistance  caused  by  either  slight  variations  in 
the  thickness  or  in  the  composition  of  the  pipe.  While  for  very 
precise  work  this  might  constitute  an  objection  to  this  method  of 
testing,  the  fact  is  that  for  commercial  testing  the  results  are  entirely 
satisfactory.  As  a  matter  of  fact,  there  is  no  justification  for  attempt- 
ing to  get  extremely  precise  results  in  work  of  this  character  because 
of  differences  between  different  specimens  of  the  same  sample  due 
to  the  inherent  variations  in  the  material,  in  the  thickness  and  in 
the  physical  condition.  And  when  it  comes  to  the  practical  appU- 
cation  of  the  data  the  variables  which  enter  are  still  larger,  so  that 
for  commercial  purposes  there  is  a  little  justification  for  extreme 
refinements  in  measurements  of  this  class.  Incidentally,  however, 
it  is  interesting  to  note  that  the  curve  obtained  for  one  of  the  cover- 
ings just  tested  by  the  modified  Stott  method,  which  was  a  2-in. 
magnesia  covering,  checks  almost  exactly  with  the  corresponding 
curve  in  Fig.  5  of  the  paper. 

A.  G.  Christie  (written).  The  writer  would  have  liked  to 
have  seen  some  discussion  in  the  paper  itself  of  the  heat  losses  from 
flanges  and  from  the  bonnets  of  valves.  Very  Uttle  information  is 
available  as  to  the  nature  and  amount  of  such  losses  and  of  the 
eflSciency  of  the  various  coverings  used  on  these  parts.  Many  plants 
have  dozens  of  uncovered  flanges,  and  very  often  no  attention  is 
paid  to  the  covering  of  valve  bonnets.  The  heat  losses  must  be 
enormous  in  many  cases. 
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The  writer  had  charge  of  a  long  high-pressure  steam  line  for 
several  years.  It  was  noted  that  there  were  far  fewer  failures  of 
gaskets  where  the  joints  were  well  coveied  than  where  these  were 
bare.  Objection  is  frequently  raised  that  covered  flanges  make 
renewal  of  gaskets  difficult.  Our  experience  has  been  that  such 
renewal  was  not  so  frequently  necessary  with  covered  flanges  as 
with  bare  joints.  Both  solid  molded  flange  joints  and  blocked  and 
plastered  joints  were  used.  The  latter  proved  the  cheapest,  best  and 
most  serviceable  in  the  long  run. 

The  writer  has  also  noted  that  the  heat-insulating  properties  of 
various  plastic  cements  used  to  smooth  up  blocked  work  vary  over 
a  wide  range,  but  these  materiab  invariably  are  poorer  insulaton 
than  the  magnesia  blocks.  Some  results  of  research  on  these  cemeDts 
would  be  of  value  to  engineers  as  a  guide  in  preparing  pipe-covering 
specifications. 

The  author  apparently  used  merely  plain  canvas^covered  insu- 
lating materials.  Pipe  lines  are  frequently  painted  various  colors  in 
power  plants  with  various  kinds  of  paint  and  tar  preparations. 
Some  are  even  enameled  or  waterproofed.  What  is  the  effect  of  such 
treatment,  and  have  the  various  colors  any  appreciable  effect  on 
radiation? 

The  writer  has  had  difficulty  with  mildew  on  steam-heating  pipe 
lines  in  undergroimd  tunnels  and  conduits  during  sunmier  months 
when  steam  is  off.  This  mildew  soon  destroys  the  canvas  and  allows 
the  covering  to  fall  off.  The  trouble  was  completely  stopped  by 
painting  the  covering  with  silicate  of  soda.  What  effect  does  this 
substance  have  on  heat  transfer? 

It  is  thus  apparent  that  the  author  has  started  on  a  line  of 
research  with  almost  an  infinite  number  of  problems  ahead,  and  yet 
all  of  them  are  of  prime  importance  in  engineering  work.  Let  us 
hope  that  we  may  hear  from  him  again  as  further  valuable  data  are 
available. 

Wm.  T.  Magruder  (written).  Attention  should  be  called  to  the 
apparent  fact,  as  shown  in  Fig.  16,  that  for  J-in.  pipe,  with  steam 
costing  80  cents  per  1,000,000  B.t.u.,  and  with  a  temperature  differ- 
ence of  300  deg.  fahr.,  the  operating  cost  is  the  same  whether  the 
thickness  of  the  covering  is  1  in.  or  2  in.  However,  this  does  not 
seem  to  agree  with  the  data  given  in  Fig.  17. 

lleferring  to  Pars.  17  and  18,  it  is  to  be  noted  that  when  the  flow 
of  air  was  along  the  surface  at  a  wind  velocity  of  30  m.p.h.,  there 
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the  losses  seemed  extraordinarily  large  as  compared  with  those  for 
lower  temperature  di£ferences. 

The  Author.  Referring  to  the  effect  of  wind  velocity  on  the 
loss  from  the  covering,  which  has  been  discussed  by  Messrs.  McMillan 
and  Magruder,  I  would  say  that  at  the  time  the  paper  was  written 
the  experiments  on  wind  velocity  had  just  begun,  and  the  figures 
given  therein  were  the  first  obtained.  It  was  foimd  there  was  a 
large  amount  of  filtration  unless  the  surface  was  protected  with  some- 
thing which  would  prevent  the  entrance  of  the  air  going  through  the 
tunnel.  It  was  also  found  that  with  the  wind  traveling  30  mUes  an 
hour,  a  trifling  crack  in  the  covering  would  triple  the  loss.  As  there 
is  a  crack  between  two  sections,  it  will  be  seen  that  the  air  will  cir- 
culate through  and  carry  away  a  great  deal  of  heat. 

Later  tests  hav^  shown  a  maximum  increase  due  to  wind  velocity 
of  about  20  per  cent  when  the  magnesia  insulation  had  an  outer 
covering  (of  sheet  iron)  which  prevented  circulation  of  air  currents 
through  the  cracks.    This  agrees  fairly  well  with  the  calculated  value. 

In  reply  to  Mr.  Tillson,  it  is  to  be  said  that  some  experiments 
have  been  made  with  temperature  differences  up  to  800  deg.  fahr., 
and  that  these  have  yielded  results  showing  that  the  curves  given  in 
the  paper  can  be  safely^extended  to  higher  temperature  dififerences. 

As  to  Mr.  Dawes'  question  regarding  steam  velocity,  the  loss 
from  the  pipe  is  practically  independent  of  the  velocity  of  the  steam 
in  the  pipe.  That  is,  the  only  effect. is  in  the  temperature  of  the 
pipe,  which  is  not  sufiicient  to  greatly  influence  the  loss.  The 
(quantity  of  heat  transmitted  through  the  pipe  depends  on  the  velooity 
of  the  steam,  and  as  the  loss  from  the  pipe  is  nearly  independent  of 
the  velocity,  the  eflicicncy  of  transmission  increases  as  the  velocity 
increases. 
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3  Before  intelligent  steps  can  be  taken  to  bring  a  given  boiler 
plant  to  its  maximum  efficiency,  it  is  necessary  to  know  with  what 
efficiency  the  plant  is  working.  Scientific  refinement  is  not  neces- 
sary in  every-day  practice,  but  scientific  reasoning  miAsi  be  applied, 
and  the  data  upon  which  reasoning  can  be  based  must  be  con- 
tinuously observed  and,  wherever  possible,  autographieally  recorded. 

BfETHODS  OF  CONTROLLING   BOILER-PLANT  OPERATION 

4  The  economical  status  of  a  boiler  plant  can  be  ascertained 
by  either  of  the  two  distinct  methods,  viz: 

a  The  mechanical  method,  based  on  the  heat  utilized. 
b  The  chemical  and  physical  method,  based  on  the  heat 
wasted. 

5  The  mechanical  method  relies  on  the  readings  of  the  coal 
weigher  and  the  water  meter  or  steam-flow  meter.  If  the  heat 
value  of  the  fuel  is  known,  the  data  obtained  by  these  appurtenances 
enable  one  to  calculate  roughly  what  percentage  of  the  heat  in  the 
coal  fired  is  utilized  in  making  steam.  For  obvious  reasons  the 
results  cannot  be  calculated  oftener  than  once  a  day  and  generally 
onoe  a  week  is  considered  sufficient  for  a  control  over  the  opeiation 
of  the  boiler  plant.  Aside  from  the  lateness  in  getting  the  desired 
information,  this  method  suffers  in  accuracy  and  reliability  as  a 
control  from  the  following  errors  and  shortcomings: 

a  The  coal  weigher  cannot  discriminate  between  coal  and 
ash  and  moisture,  and  since  these  constituents  are  never 
constant  and  frequently  vary  five  per  cent  or  more  in 
successive  shipments,  and  since  the  heat  value  of  the 
fuel  depends  on  its  purity,  the  calculated  results  will  be 
that  much  in  error. 

b  The  water  passed  through  the  meter  is  not  all  evaporated. 
An  appreciable  amount  may  l>e  carried  over  with  the 
steam,  more  may  be  lost  through  leaky  blow-oflf  cocks, 
and  considerable  is  wasted  by  blowing  off  the  boilers, 
which  is  not  only  not  accounted  for  but  actually  appears 
on  the  credit  side 

r  The  steam  may  be  superheated 

(/  The  fectiwater  teini>eniture  may  vary  appreciably. 
Thus  we  see  that  a  water  inotcr  and  coal  weigher  can  give  only  a 
rough,  wholesale  control  unless  supplemented  by  scientific  instni- 
uKMits  Hiul  observations.    The  mechanical  control  lias  <MM>ther  and 
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even  more  serious  shortcoming  in  that  it  gives  absolutely  no  due  as 
to  why  the  plant  as  a  whole  is  operating  more  or  less  wastefully. 

6  The  chemical  and  physical  method  has  the  following  advant- 
ages over  the  mechanical  method: 

a  It  can  be  more  easily  and  cheaply  installed 

b  The  records  show  up  the  operatfon  of  the  boilers  continu- 
ously instead  of  only  at  the  end  of  longer  or  shorter 
periods;  one  day  at  best 

c  It  shows  up  the  combustion  and  absorption  efficiency  fac- 
tors separately  so  that  the  proper  steps  to  improve  the 
efficiency  of  the  plant  can  be  promptly  and  intelligently 
taken 

d  The  value  of  its  records  ia  not  affected  by  a  variation  in 
ash  or  moisture  content  of  coal  burned.  Nor  is  the 
record  affected  by  the  waste  of  f eedwater  or  the  varia- 
tion in  its  temperature. 

7  To  attain  maximum  collective  boiler  efficiency  every  boiler 
must  be  treated  as  an  individual.  To  be  under  proper  economic  con- 
trol both  its  combustion  and  absorption  efficiencies  must  be  under 
constant  observation.  Maximum  boiler  efficiency  cannot  be  main- 
tained without  knowing  what  every  boiler  is  doing  aU  the  Hme.  To  this 
every  combustion  and  boiler  expert  will  agree;  but  opinions  wiU  no 
doubt  differ  as  to  the  best  means  for  effecting  this  constant  obser- 
vation. It  would  appear  obvious  that  the  most  direct  way  is  the 
best  way.  Combustion  is  a  chemical  phenomenon  and  should  there- 
fore be  most  effectively  controlled  by  chemical  means.  Absorption 
is  a  physical  phenomenon  and  is  best  controlled  by  physical  means. 
The  two  principal  instruments  of  observation  are  the  COj  meter, 
a  chemical  instrument,  and  the  pjrrometer,  which  is  a  physical  in- 
strument. As  a  necessary  auxiliary  the  double  differential  draft 
gage  is  required.  Boiler  draft  and  furnace  draft  are  essential  elements 
in  the  proper  control  of  combustion  and  should  be  observed  separ- 
ately. 

8  The  author  has  stated  on  another  occasion  that  a  proper 
slogan  for  the  engine  room  would  be,  Watch  your  adjustments  and  keep 
them  right  and  your  results  will  be  right;  whereas  for  the  boiler  room 
the  slogan  should  be :  Watch  your  results  and  change  your  adjustments  to 
keep  the  results  right.  There  is  no  such  thing  as  a  fixed  adjustment  in 
the  operation  of  a  boiler.  The  rate  of  combustion  must  be  changed 
to  keep  the  steam  pressure  right,  the  draft  must  be  changed  to  keep 
the  rate  of  combustion  right,  and  the  thickness  of  fire  must  be 
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changed  to  keep  the  effidoicy  of  coznbustioa  (per  cent  of  C0|)  right. 
.Id  :he  fuel  and  ash  bed  thickens  a  stronger  draft  is  necessary  to  keep 
-lie  required  rate  of  combustion,  and  there  are  numerous  minor  vari- 
iiUefl  which  require  changes  in  the  draft  adjustments  if  combustion 
"^rlii^iency  and  the  required  boiler  capacity  are  to  be  maintained,  i.e., 
lummum  CO2  and  a  uniform  steam  pressure. 

M.-t'TarMENTS    RECORD EN'G   DRAFT.   COs  PERCENTAGE  AND   ESCAPING 
•r\A   TEMFEHATURE  NECESSARY  FOR  CONTROL  OF  FIRING 

>    To  insure  these  results  COs  as  well  as  boiler  and  furnace  draft 

rjiii^arors  must  be  placed  at  or  near  the  boiler  front  within  easy 

".e^  '.it  ^he  fireman  and  in  close  proximity  to  the  draft-regulating 

V  iiy*!  .-,r  lever.  The  C(\  meter?,  pyrometers  and  boiler  draft  gage 
^r.i;i;lii  r-.e  autographic-recording.  In  small  and  moderate-siied  plants 
'rjii  r^^nrdinir  gages  should  be  placet!  in  the  engine  room  where  they 
i.r^  iniier  easy  observation  by  the  operating  engineer.  In  large 
i\Ar.rji  rhat  can  afford  a  control  engineer,  other  arrangements  will 
-'.i^reat  themselves. 

10  With  such  an  outfit  on  every  boiler  the  firemen  have  before 
*r.t^m  at  all  times  the  information  necessary  for  intelligent  and  effec- 
•Iv-=:  '^on^rol  of  their  fires,  if  properly  instructed  how  to  apply  this 
.''f'Trmntion,  The  steam  gage  tells  them  when  to  increase  or  decrease 
"..'.e  rare  of  combustion.  The  boiler  draft  tells  them  whether  the  air 
-■■.oply  u  rieht  for  the  required  rate  of  combustion.  The  Cd  indi- 
'i^ior  telL;  them  whether  the  thickness  of  the  fire  is  right  and  the 
:  ..TJire  'Iratt  imiicates  the  condition  of  the  fire.  The  volume  of  air 
.'%  ;ireii  to  hum  a  unit  weight  ot  combustible  with  mATimnii^  com- 
'  ^"irion  efficiency  varies  with  the  kind  of  fuel,  construction  of  furnace 
i.'.i  .T.erho*!  of  stoking,  but  for  any  given  set  of  conditions  a  definite 

V  j;=;r:.e  of  air  will  consume  a  definite  maximum  weight  of  fuel  com- 
plet*riy.  Since  the  Y^Aler  «lratt  is  a  fair  index  to  the  rate  of  the  air 
-•.pptv  \T  l^  the  proper  b:isis  for  regulating  the  rate  of  ccMnbustion, 
ir.'i  ^'r.f.  rnre  of  fuel  supply  must  1h?  increased  or  decreased  to  produce 
r:..irl:r.  irn  combustion  efficiencv.  to  which  COs  is  the  index. 

iN'rORMATION   AFFORDED   BY   RECORDING-INSTRUMENT  CHABTIB 

1 1  The  three  autographic  reconis.  namely,  those  of  CQi,  tem- 
7^:rri*  i.-*:  '>f  tht-  f'scafiine  pas  and  the  Knler  draft,  preferably  on  one 
''r.3rt.  iri'.e  -Lo  ensnneer  in  charge  the  following  information  at  a 
slan'^e: 
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and  that  the  coal  bed  was  kept  too  thin,  through  wbicb  lioIeB  quickly 
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developed.  The  tivenipe  CO.  waa  scant  8  per  ceiit.  The  reason  for 
the  low  COi  being  tluis  clearly  revealed,  the  proper  remedy  at  ancf 
suggested  itself.  The  fireman  was  instructed  to  Ciirry  a  little  heavier 
fire  and  watch  the  CO*  indicator,  with  tlie  result  shown  in  Sec.  2. 
which  is  a  nainple  record  for  the  same  lioiler  after  the  fircmao  had  tieeii 


iristni.-tcl  and  liri.l  l.-;irru'd  Id  l.c  guidt-d  l.y  the  CO,  imlicator  in 
iidjiistim:  ilip  Miiikiicss  of  lirr  in  thi-  dnift  ncccssjiry  to  maintain  the 
ii-iiuin-ii  s(c;iiii  ['n^-iirc.  Sn  iruidi'd  lit-  h;id  no  ilillioulty  in  k<>*>|nn|! 
llir  I  ■<>::  ;il  ;iii  ;iviT:iKi'  iif  ;ilniiit  TJ  ]n-v  wnt.  Having  the  three  prin- 
cipal ni-iirds  I  in  ih<'s:inii'  i-lNiri  I  heir  rclat  iuii  to  one  another  ia  readily 
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>erceived,  and  it  will  be  seen  at  a  glance  that  the  Ixaler  draft  is  about 
L08  in.  higher  under  the  conditions  represented  by  Sec  1  than  those 
>y  Sec.  2,  also  that  the  t^nperature  shown  in  See.  1  is  about  25  deg. 
dgher  than  in  Sec.  2. 

14  Applying  Formula  [4]^  to  the  facts  reocMrded  in  See&  1  and  2 
»f  Fig.  1,  the  sensible  heat  in  the  dry  gases  per  pound  cl  carbon 
lumed,  under  the  conditions  shown  by  the  CQi  record  in  See.  1  is 
ound  to  be 

L  =  (o.24  +  ^^)  X  510  =  3850B.t.u. 
ind  for  Sec.  2, 

L  =  (o.24  +  ^^1^)  X  460  =  2450B.t.u. 

rherefore  the  heat  carried  o£F  by  the  gases  was  [(3850  —  2450)/2450] 
K  100  =  57.5  per  cent  greater  with  uncontrolled  firing  than  when 
controlled  by  the  CQs  indicator  and  recorder. 

15  It  will  be  noticed  that  the  gases  left  the  boiler  at  a  tempeia- 
ure  25  d^.  higher  when  containing  8  per  o^it  of  CQt  than  when  they 
ontained  12  per  cent,  which  shows  that  absorption  efficienqr  iu- 
;reases  with  combustion  efficiency. 

16  It  will  further  be  noticed  that  the  boiler  draft  is  about  0.12 
n.  with  12  per  cent  of  COi  and  fully  0.20  in.  when  only  8  per  cent  of 
*(Ji  is  present,  which  is  due  to  the  greater  volume  of  gas  per  pound  of 
arl>on  consumed.    The  relative  volumes  are  respectively: 


nd 


G,  =  ^^  =  399  cu.  ft., 


G.  =  ^  =  266cu.ft. 


17  Now  since  the  boiler  draft  is  an  approximate  index  to  the 
olume  of  gas  produced  per  pound  of  carbon  burned  and  C0|  is  a  true 
idex  of  the  weight  of  carbon  contained  in  this  volume  of  gas,  it 
dUows  that  if  we  multiply  the  boiler  draft  by  the  percentage  of  COi 
be  product  will  be  an  approximate  index  to  the  rate  of  combustion. 
Ve  therefore  find  thai  the  indices  to  the  rate  of  combustion  under  the 
onditions  as  recorded  in  Sec.  1  and  2  were  respectively  8  X  0.20  = 
.60,  and  12  X  0.12  =  1.44. 

18  This  means  that  it  was  necessary  to  bum  about  [(1.60  — 
1.44);  1.44]  X  100  =11  per  cent  more  coal  to  keep  up  the  steam  with 

*  See  Par.  65  in  Appendix. 
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8  per  cent  of  COa  than  with  12  per  cent,  which  corresponds  very  well 
with  the  improved  results  attained  in  the  plant  in  which  the  records 
thus  analyzed  were  produced. 

19  Sees.  3  and  4  of  Fig.  1  show  records  representing  a  water-tube 
boiler  burning  bituminous  coal.  Sec.  3  illustrates  conditions  before, 
and  Sec.  4,  after,  control  by  aid  of  COs.  A  glance  at  the  CQi  record 
will  show  that  the  fires  carried  were  too  thick.  The  low  percentage 
of  CO2  (about  8.75  per  cent)  was  due  principally  to  air  infiltration, 
but  to  a  considerable  degree  also  to  uneven  firing  producing  high  CO 
with  low  CO2.  Stopping  up  the  air  leaks  and  modifying  the  method 
of  firing  as  illustrated  by  the  record  and  using  the  COi  indicator  as  a 
guide,  the  fireman  had  no  difficulty  in  maintaining  an  average  of  over 
13  per  cent  of  COj  with  practically  no  CO.  The  temperatures  of  the 
escaping  gases  in  this  case  being  respectively  490  and  525,  for  Sec.  3 

L  =  (0.24  +  -g^^~)  X  490  =  3391  B.t.u. 

The  gas  produced  with  the  heavy  firing  contained  fully  0.3  per  cent  of 
CO,  which  represents  a  loss  of 

Le  =  10,150  X  p^-p  =  335  B.t.u. 

The  heavy  firing  therefore  produced  a  minimum  heat  loss  of  3391  + 
335  =  3726  B.t.u.  per  lb.  of  carbon  burned,  whereas  in  the  improved 
firing,  combustion  being  practically  complete,  this  loss  was: 

L  =  (0.24  +  ~^)  X  525  =  2488B.t.u. 

hence  a  reduction  of  the  heat  loss  up  the  chimn^  of 

(3726  -  2488)  X  100      ^^  « 

^79fi  ~         P^  cent. 

20  Contrary'  to  what  was  seen  in  Sees.  1  and  2  of  the  chart,  both 
the  teiiiperiiture  of  the  escaping  gases  and  the  boiler  draft  are  higher 
when  the  conditions  had  been  changed  so  as  to  result  in  the  higher 
percentage  of  CO2.  This  may  at  first  seem  contradictory;  but  a 
little  study  reveals  the  fact  that  both  the  boiler  draft  and  the  tern- 
IHTaturc  of  the  escaping  gases  were  rendered  abnormally  low  by  the 
flow  of  air  (counter  draft)  entering  through  the  leaky  setting.  It  is 
therefore  necessary  to  make  sure  that  the  setting  is  made  tight  before 
those  two  factors  can  t)e  relied  upon  as  indices,  respectively,  of  ab- 
sorption efficiency  and  rate  of  combustion.    Furthennorai  a  low 
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24  The  four  tests  referred  to  demonstrate  that  the  percentage  of 
CO2  can  be  maintained  at  its  maximum  irrespective  of  the  rate  of 
driving  without  increasing  the  percentage  of  CO,  provided  there  is 
ample  space  for  combustion.  A  large  combiLstian  chamber  is  a  most 
vital  factor  in  securing  combustion  efficiency. 

25  Sec.  9  of  this  chart  illustrates  the  relation  the  three  reoords 
will  take  to  each  other  if  the  demand  for  steam  suddenly  increases 
and  the  draft  is  adjusted  to  increase  the  rate  of  combustion  to  meet 
this  increased  demand,  but  the  stoker  is  not  speeded  up  sufficiently 
to  supply  the  coal  required.  The  flue-gas  temperature  will  at  once 
go  up  in  response  to  the  increased  rate  of  combustion.  The  COs  will 
soon  begin  to  drop,  and  if  there  is  no  CO2  indicator  to  show  what  is 
happening  it  will  continue  to  drop  until  the  fireman  discovers  that 
the  grate  is  getting  bare  and  the  stoker  speed  must  be  increased.  He 
does  so,  but  gives  it  a  little  too  much  speed  and  the  COs  goes  above 
the  safe  limit.  If  he  is  a  good  fireman  he  will  no  doubt  discover  that 
also  and  finally  get  the  right  adjustment.  Meanwhile  considerable 
fuel  has  been  wasted,  first  by  excess  air,  and  then  by  incomplete 
combustion.  With  a  COs  indicator  to  guide  him  this  would  not 
have  happened. 

26  Sec.  10  illustrates  how  the  boiler-draft  and  pyrometer  reoords 
will  at  once  reveal  the  sudden  breaking  down  of  a  section  of  baffling. 
Sec.  11  shows  how  the  average  temperature  and  boiler  draft  would  be 
affected  if  the  bafiling  disintegrated  gradually,  and  Sec.  12  indicates 
how  the  records  would  be  likely  to  change  if  the  boiler  tubes  were 
allowed  to  muck  up  gradually.  These  supposititious  cases  are  given 
to  show  how  the  boiler  draft  and  exit  temperatures  are  afifected  by 
the  same  cause.  Neither  can  be  correctly  interpreted  without  the 
other.  Within  practical  limits  of  driving  the  maximum  percentage 
of  COs  can  and  should  be  maintainc<l,  whereas  both  the  boiler  draft 
and  the  exit  temperature  increase  with  the  rate  of  driving.  The 
exit  gas  temperatures  vary  from  the  normal  from  four  distinct  causes: 

a  Rate  of  driving 

b  Defective  baffling 

c  Dirty  heating  surface 

d  Air  infiltration. 
The  record  of  the  boiler  draft  at  once  reveals  the  true  cause;   the 
pyrometer  simply  reveals  the  fact.    Low  exit  gas  temperature  is 
generally  taken  to  indicate  absorption  efficiency  and  the  CQi  reoord 
shows  whether  it  is  or  not. 

27  In  the  foregoing  the  author  has  endeavored  to  demoiiBtnte 
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a  Heat  carried  to  waste  by  the  dry  gases 
b  Heat  loss  due  to  the  CO  contained  in  the  gases 
c  Heat  carried  to  waste  by  the  steam  resulting  from  the  com- 
bustion of  the  available  hydrogen  in  the  flue 
d  Heat  loss  due  to  the  water  in  the  air 

e  Heat  carried  ofif  by  the  water  of  hydration  (O  —  •^)  con- 

o 

tained  in  the  fuel 
/  Heat  carried  to  waste  by  the  moisture  in  the  fuel 
g  Percentage  of  excess  air  used 
h  Percentage  of  free  oxygen  contained  in  the  gases 
i  Theoretical  maximum  percentage  of  COs  obtainable  from 

the  combustion  of  a  fuel  of  given  analysis 
j  Weight  of  dry  gas  produced  per  pound  of  carbon  burned 
k  Volume  of  dry  gas  produced  per  pound  of  carbon  burned 
I  An  index  to  rate  of  combustion. 

31  If  the  ultimate  analysis  of  the  fuel  is  known,  and  it  always 
should  be  known,  the  values  of  all  the  above-mentioned  items  can 
be  readily  calculated  by  applying  the  very  simple  formula  developed 
in  the  Appendix  to  the  data  derived  from  the  autographic  reocHxls 

of  CO2. 

32  The  usefulness  and  reliability  of  these  formul®  are  beet  shown 
by  applying  them  to  the  data  observed  in  a  few  authorative  boiler 
tests  and  comparing  the  results. 

33  Tests  A  and  B,  Table  1,  were  made  on  a  large  boiler  of  the 
Sterling  type  rated  at  2400  hp.,  equipped  with  forced  draft  and  Ron^ 
stokers;  the  fuel  was  Pittsburgh  coal.  Tests  C  and  D  were  made  on 
3l  210-hp.  Heine  boiler,  hand-fired.  The  fuel  was  No.  1  Arkaiisas 
briquets,  in  test  C,  and  Illinois  No.  3  coal  in  test  D. 

APPLICATION  OP   FORMULA  DEVELOPED   BY  AUTHOR 

34  Reducing  the  essential  constituents  of  the  coal  to  the  carbon 

unit  basis  of  1  lb.,  gives 

C  H  O  Aah  Moisture     B.i.u. 

1.0         0.0683        0.1068       0.0925  0.023        17,084 

The  available  hydrogen  per  pound  of  carbon  is 

0.0683  -  ^^^  =  0.0551b.  =  H^ 

o 

The  water  of  hydration  per  pound  of  carbon  is 

0.1068  +  -^^^  =  0.121b.  =  Wk9 
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substituting  the  values  of  P,  T  and  I, 
,  58.46\ 


Also,  the  heat  value  of  the  CO  contained  in  the  gas,  aeoordiiig  to 

imiula  [7],  is 

L,  =  10,150  X  p^p- 
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Substituting  the  values  of  Pe  and  P, 

Lc  =  10,150  X  j^4  Q^f^o  23  =  ^^,150  X  0.0151  =  153B.t.u. 

36  From  Formula  [8]  the  heat  carried  off  by  the  HsO  from  the 
combustion  of  the  available  hydrogen,  is 

Lk  =  8734  Ha  +  4.32  Ha  {T  -  t) 

Substituting  the  values  of  Ha^  T^  and  i, 

Lk  =  8734  X  0.055  +  (4.32  X  0.055  X  410)  =  578B.t.u. 

Also,  the  heat  absorbed  by  the  humidity  in  the  air,  accordiiig  to 
Formula  [9],  is 

L.  =  A.(^  +  3.8H.)x(r-0 

37  The  average  temperature  of  the  air  during  the  test  was  73 
deg.  and  the  average  humidity  62.4  per  cent  saturation.  At  this 
temperature  and  saturation  the  water  vapor  carried  into  the  fumaoe 
is  0.0106  lb.  per  lb.  of  air  supplied  =  A«.  Substituting  this  value 
and  the  values  of  H«,  P  and  {T  —  t)m  Formula  [9], 

L,  =  0.0106  ( j^  +  3.8  X  0.055)  X  410  «  34  B.t.u. 

The  heat  carried  by  the  water  of  hydration  equab 

L«  =  IF*,  X  (0.48  T  +  1080  -  i) 

Substituting  the  values  of  Wh^  T  and  t, 

L,  =  0.12  (0.48  X  483  +  1080  -  73)  =  149  B.t.u. 

Substituting  the  value  of  Wm  for  Wkg,  the  loss  due  to  the  moisture 
the  coal  is 

L,  «  0.023  (0.48  -  r  X  483  +  1080  -  73)  -  28B.t.u. 

38  The  foregoing  comprise  all  the  items  of  heat  wasted  up 
chimney  with  the  exception  of  that  contained  in  the  hydrocarb 
if  any,  and  in  the  soot  and  ash  passing  off  with  the  gases,  and  * 
be  enumerated  as  follows: 

HCAT-LO88  ITEMS  XTP  THE  CHIlfNKT 

B.t 
a  Heat  carried  to  waste  by  the  dry  gases 17 

6  Heat  value  of  CO I 

e  J        carried  to  waste  by  the  HiO  from  the  combustioD  of  the 

A         >le  hydrogen 

*  ~  *»»A      xiidity  in  air 


/  Heat  earned  to  wute  bj 
g  Total  beat  in  H«0  in  gM 
h  Total  heat  in  flue  gas  per 

2648  X  100      , .  _„ 

I  the  gases  as  they  Mt  the 

39  The  ash  contained  ( 
)ntamed  0.0925  lb.  of  ash  ] 
alue  of  the  combustible  in 

0.316  X  0.0 
hich  represente 

427X100_„,, 
17,984     "  ^-^ 

40  The  total  heat  loss 
ons  is  therefore 

Heat  absofbed  by  boile 
Heal  low  up  tlie  chinin 
Heat  loSB  through  the  g 
Heat  lose  from  radiatio: 

Total 

41  The  heat^loss  items 

Moisture  in  coal 


Heat  to  chimney 

Moisture  in  air 

Carboa  monoxide 

Carbon  in  ash 

Total  losses  acoounte 

Absorbed  by  boiler 

Radiation,  etc 

Total 

42  Applyii^  the  same 
•  and  D,  the  results  given 

43  Combustion  efficien 
nly  that  all  the  combustibt 
ut  that  it  must  be  oxidize* 
f  the  heat  liberated  becom 
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all  the  heat  liberated  by  combustion  is  available  to  the  boiler  except 
that  contained  in  the  gases  below  the  temperature  of  the  water  in 
the  boiler  and  the  latent  heat  of  the  H2O  contained  in  the  gases. 


TABLE  2    RESULTS  OF  APPLICATION  OF  FORMULiB  TO  DATA  OF  TESTS 

B,  C  AND  D 


Heat  loM  due  to  oombiutible  in  ash 


a  Haat  carried  to  waste  by  dry  gases.  B.t.u 

6  Heat  value  of  CO  contained  in  gases,  B.t.u 

c  Heat  in  HtO  from  combustion  of  available  hydrogen,  B.t.u. 

i  Heat  loss  due  to  humidity  in  air,  B.t.u 

•  Heat  carried  to  waste  by  water  of  hydration,  B.t.u 

/  Heat  carried  to  waste  by  moisture  in  coal,  B.t.u 

g  Total  heat  in  HiO  in  gas.  B.t.u 

k  Total  heat  in  flue  gas  pw  lb.  of  carbon  burned,  B.t.u 

Heat  of  coal  remaining  in  gases  leaving  boilws,  per  cent .... 

B.t.u. 

per  cent  of  coal 

Total  Heat  Loss: 

Heat  absorbed  by  boiler,  per  cent 

Heat  loss  up  the  chimney,  per  cent 

Heat  loss  through  grates,  per  cent 

Heat  loss  faxun  radiation,  etc.,  per  cent 

Total 

Losses  in  Test  Report: 

Moisture  in  ooal,  per  cent 

Hydrogen  in  ooal,  per  cent 

Heat  to  chimney,  per  cent 

Moisture  In  air,  per  cent 

Carbon  monoxide,  per  cent 

Carbon  in  ash,  per  cent 

Total  loss  accounted  for,  per  cent 

Heat  abeorbed  by  boiler,  per  cent 

Heat  lost  in  radiation,  etc.,  per  cent 

Total 

Heat  Balance  in  Test  Report: 
Heat  abeorbed  by  boiler  (»  evaporation  from  and  at  212 

deg.  per  lb.  of  combustible) 

IxMs  due  to  moisture  in  coal  (■■  per  cent  of  moisture  referred 

to  combustible) 

IxMS  due  to  moisture  formed  by  bximing  of  hydrogen  («  per 

cent  of  hydrogen  referred  to  oombustible) 

IxMs  due  to  heat  carried  away  by  dry  chimney  gases 

(•>  weight  of  gas  per  lb.  of  oombustible) 

IxMM  due  to  unoonsumed  hydrogen,  heating  of  moisture  and 

unaccounted  for 

IxMs  due  to  incomplete  combustion  of  carbon 

Total 


TestB 
2500 
251 
010 
72 
163 
29 
804 
3075 
20.43 
410 
2.31 

75.78 

20.43 

2.31 

1.48 

100.00 

0.17 
4.40 
12.70 
0.80 
1.05 
2.18 

21.89 

75.78 

2.88 

100.00 


Teste 
8480 
0 
497 

30 

15 

548 

4028 

23.17 

429 

2.47 

05.89 

13.17 

2.47 

8.97 

100.00 


P^eent 


0.09 

s.s 

19.71 
9.18 


100.08 


T«tD 


87 
549 


104 
154 

887 
5777 
32  14 


4.82 


32.14 
4.82 
1.88 

100.90 


Fiv 


0.90 
4.U 


8.74 

0.81 


Hence  combustion  efficiency  so  far  as  it  is  under  the  control  of  the 
^  _  Heat  availably  liberated 

Available  heat  in  fuel 


'  See  Far.  74,  in  Appendix. 


\ 
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48  The  loss  due  to  CO  is  independent  of  the  stack  temperature, 
and  since  the  percentage  of  CO  in  the  gas  can  be  reduced  to  sere,  the 
heat  loss  due  to  its  presence  is  100  per  cent  controllable. 

49  Since  the  heat  loss  due  to  the  HsO  in  the  gases  is  inde- 
pendent of  the  CO2,  only  that  portion  is  controllable  which  is 
affected  by  the  temperature  of  the  flue  gas  above  that  of  the 
water  in  the  boiler. 

50  The  latent  heat  of  evaporation  is  not  controllable,  hence  the 
terms  in  the  formula  representing  it  must  also  be  eliminated.  Thus, 
appl3dng  the  modified  formula  to  the  observed  data  we  have  for  the 
controllable  heat  in  H2O: 

[4.32  X  0.055  +  0.0106  X  (^^  +  3.84  X  0.055)1  X  (583  -  385)  + 

0.48  X  (583  -  385)  X  0.143  -  67.53  B.t.u. 

Since  the  total  heat  carried  to  waste  by  the  HsO  in  the  gas  is  798  B.t.u., 
it  is  seen  that  only  -  -  -  .^^ =  8.5  per  cent  of  it  is  controllable. 

51  Of  the  heat  in  the  dry  gas  (1706  -  1246  =)  460  B.t.u.  were 
controllable,  hence  the  total  controllable  heat  escajnng  amounts  to 

460  +  67.5  =  527.5  B.t.u.,  and  of  this^.^-^  -  87.2  per  cent 

0^.0 

resides  in  the  dry  gases. 

52  Table  3  gives  the  results  of  the  foregoing  calculations  for  the 
four  tests  under  consideration.  Item  (1)  shows  what  percentage  of 
the  heat  wasted  up  the  chimney  is  contained  in  the  dry  gas  that  can 
be  controlled  to  a  greater  or  lesser  degree  by  improving  operating 
conditions.  Item  (7)  shows  what  percentage  of  the  controllable  heat 
resides  in  the  dry  gases.  All  of  which  emphasizes  the  importance  of 
the  CO2  and  temperature  records,  as  controlling  factors  in  boiler 
operations. 

53  The  fireman  must  drive  his  boilers  in  accordance  with  the 
demand  for  steam.  He  has  no  control  over  the  condition  of  the 
heating  surface  of  his  boilers.  And  since  the  temperature  of  the 
escaping  gases  depends  primarily  on  one  or  both  of  these  conditioDfl 
it  is  not  fair  to  him  to  judge  his  proficiency  by  heat  wasted  up  the 
chimney,  and  much  less  fair  is  it  to  judge  him  on  the  basis  of  pounds 
of  water  evaporated  per  pound  of  coal  burned.  In  Test  A,  for 
example,  there  was  10  per  cent  more  water  evaporated  than  in  Test 
B,  while  the  difference  in  furnace  efficiency  based  on  heat  availaUe 
was  only  2.4  per  cent,  as  demonstrated  above. 


54  The  proper  bi 

firemaQ  is  the  factor 

of  COi  iP)  with  practi 
for  the  preTailing  cod< 

55  Within  propei 
the  percentages  of  CO 
cent  less  COi  and  0.1< 
it  must  be  borne  in  mii 
diminishes  directly  as 

where  the  loss  due  to 
gain  from  an  increase 

56  Assuming,  for 
ditioDS  existing  when 
safe  limit  for  CC^  for  c 
to  overbalance  the  bei 
r_(=,450deg.? 

57  Applying  For 

>«H.^)-(0. 

~7]  shows  that  this  gaii 

=  234,  from  which  P, 
it  COi  from  14  to  16  F 
^aiue  time  increasing  1 
lo  gain  in  heat  to  the 

58  But  since  ther 
if  COi  and  CO,  it  fo! 
he  construction  of  fu: 
rol ,  etc.,  maximum  C( 
•f  CO  if  the  fireman  ex 
Imits  are  must  be  asc 
he  construction  of  fui 
t  may  be  necessary  to 
i  COj  for  each  boiler, 
fce  firemen  are  prope] 

negb'gible  percentage 
"Ctention  the  percent  a 
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APPENDIX 

DEVELOPMENT  OF  FORMULA  FOR  CALCULATING  HEAT 

LOSSES  IN  CHIMNEY  GASES 

59  The  object  in  developing  the  following  formula  is  threefold:  (1)  To 
furnish  a  ready  means  for  calculating  the  heat  losses  up  the  chinmey;  (2)  to  make 
these  calculations  so  simple  that  a  knowledge  of  atomic  and  molecular  weights, 
specific  heats,  etc.,  is  not  necessary,  so  that  operating  engineers  not  familiar  with 
chemistry  can  quickly  and  easily  ascertain  the  heat  losses  in  so  far  as  they  have 
the  necessary  data;  (3)  to  bring  out  the  heat  losses  in  detail,  showing  the  factotp 
on  which  they  depend,  and  separating  the  losses  over  which  the  fireman  has  no 
control  from  those  over  which  he  has.  All  of  which  is  for  the  purpose  of  stimu- 
lating or  intensifying  the  interest  of  the  operating  engines  in  the  operatioa  of  his 
boilers,  and  enabling  him  to  get  after  defects  with  a  confidence  bom  of  knowl- 
edge, based  on  observed  facts  intelligently  interpreted,  and  thus  to  maintain 
mayimnm  boiler  efficiency. 

60  The  formula  developed  in  the  following  paragraphs  are  based  on  a  weiglit 
of  fuel  containing  1  lb.  of  carbon  instead  of  on  1  lb.  of  fuel  or  combustible.  To 
change  the  analysis  of  any  given  fuel  to  the  carbon  unit  basis,  divide  the  weigiii 
of  all  the  constituents  by  the  weight  of  carbon  per  pound  of  fuel.  Thus,  if  the 
principal  constituents  in  a  given  coal  are:  C,  71.52  per  cent;  H,  4.53  per  eeot: 
O,  8.18  per  cent;  S,  1.64  per  cent,  and  ash,  12.61  per  cent,  every  pound  of  the 
coal  contains  0.7152  lb.  of  carbon,  0.0453  lb.  of  hydrogen,  0.0818  lb.  of 
0.0164  lb.  of  sulphur  and  0.1261  lb.  of  ash,  and  dividing  the  weight  of 
stituent  by  the  weight  of  carbon,  gives: 

C  -  1,    H  -  0.0633,    O  -  0.1144,    S  -  0.023,    Ash  -  0.172. 

The  heat  value  of  dry  coal  of  this  composition  is  12,857  B.t.u.  per  lb.  of  ooal,  and 
on  the  carbon  unit  basis  it  would  be  12.857/0.7152  -  17,978  B.t.u. 

61  In  developing  the  formuls  the  following  symbols  are  used: 

0  —  weight  of  oxygen  per  lb.  of  carbon  in  the  fuel 
Ht  "  weight  of  hydrogen  per  lb.  of  carbon  in  the  fuel 

ffa  *■  Hi  —  -^  «  weight  of  available  hydrogen  per  lb.  of  carbon  in  the  fuel 

Ac  »  weight  of  air  required  to  bum  1  lb.  of  carbon 
^4^  "  weight  of  air  required  to  bum  1  lb.  of  hydrogen 
il  I  a  total  weight  of  air  supplied 
ilg  B  weight  of  excess  air  supplied 

Nk  »  weight  of  nitrogen  in  weight  of  air  required  to  bum  1  lb.  of  hydrogen 
Av  ->  weight  of  water  vapor  per  lb.  of  air  supplied  per  lb.  of  carbon  burned 
G^  =1  weight  of  dry  gas  per  lb.  of  carbon  burned 
G^  «  volume  of  dry  gas  at  62  deg.  fahr.  per  lb.  of  carbon  burned 
Wm  —  weight  of  moisture  in  fuel  per  lb.  of  carbon 

Wkv  ^  ^  ~  *?  ""  weight  of  water  of  hydration  in  fuel  per  lb.  of  eaibon 

P  »  per  cent  of  C0|  in  flue  gas 

Pe  —  per  cent  of  CO  in  flue  gas 

Pc  a  per  cent  of  excess  air  in  flue  gas 

p0  «  per  cent  of  free  oxygen  in  flue  gas 
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■ 

Substituting  the  value  of  As  in  [1], 

.        iieX21  _  11.6  X  21      243.6  ^ 

At  ^  p         —  p  ^p  ...... 

Li-(.l+A,)SX(T-l) -     ^ 

Substituting  the  value  of  A  t  and  5  in  [8], 

•      i^-(o.24+^)x(r-0 -       W 

66    Heat  Carried  Off  by  the  Dry  Gases  When  the  Fuel  Conlairu  Hydngr^" 

The  combustion  of  1  lb.  of  hydrogen  requires  8  lb.  of  oxygen,  which  m 

panied  by  8  X  77/23  ^  26.8  lb.  of  nitrogen.    Hence  Nk  -  26.8  lb.  and  it 

26.8  +  8  ™  34.8  lb.    When  fuel  containing  hydrogen  is  burned  with  an 

air 

Ac  X  21 


from  which 


In  this  case 


Ac  +  NkXHa  +  A.* 

A.  =  4£X_21  _  ^^^  ^M^x  Ha) 


l^ 


Ld^(l-\'Ac  +  NkXHa+A.)SXiT-t) 
Substituting  the  values  of  S  and  of  A«  from  [6], 

L--(i  +  -±^-)x(r-o     m 

which  is  identical  with  equation  (4)  as  it  should  be. 

67  Heat  Value  of  the  CO  CorUained  in  the  Escaping  Gases.  — The  mi^d 
carbon  in  a  molecule  of  CO  is  the  same  as  that  in  a  molecule  of  CX)i,  liaiee  it 
follows  from  Avogadro's  law  that  the  weight  of  carbon  burned  to  00  ii  to  the 
weight  burned  to  GOt  as  the  percentage  of  CO  is  to  the  peromtaipe  of  CXX 
tained  in  the  escaping  gases. 

68  Thus,  letting  X  »  weight  of  carbon  burned  to  CO 


■  eTi  frona  which  X 


1  -  X     P  ' "     P-^-P. 

and  since  1  lb.  of  carbon  burned  from  CO  to  COs  develops  10»150  B.t.ii., 

ic  - 10,150  X  p:^^ m 

69    Heal  Carried  Off  by  the  H/)  from  the  Combustion  of  Hm.— 

Lk  -  9L«  X  Ha  -{-9Ha  X  5»  X  (7*  -  0. 
Substituting  the  values  of  La  and  <$«, 

Lk  -  (8734  X  //«  +  (4.3  X  ^.)  (T  -  0 


70  He€U  IjOss  Due  to  Water  Vapor  in  Air,  —  Atmospherio  hmoiditj 
a  cliilling  effect  on  the  fire  because  of  its  high  specific  beat  and  becMiBe  ai 
part  of  it  will  be  decomposed;  but  since  under  normal  oonditiooe  the  hjdiugpn 
Trhich  is  set  free  by  decomposition  will  reunite  with  oxygen  in  the  oombaitMNi 
chamber  and  will  evolve  as  much  heat  as  was  absorbed  in  aeUing  it  frae^  then 


ooQsidflr  <Hily  tho 


71  Hmata 
fonna:  water  of 
Muwd  &(Mn  the  t 
pueed  <rft  vith  a 

Subotitating  the 


which  leduoes  ta 


73  Pmmtta 
tbe  gaa  equals  thi 
tbe  total  vohime 


74  TAwrett 
F>«rcentage  of  CO 
v-olume  of  air  rec 
tlie  air,  divided  b 
c»f  fuel  coutainiui 


75    From  [S 
^,  =  243.6/P,  h 


ia  seen  from  the  ' 
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76  The  volume  oT  the  dry  gas  per  lb,  of  carbon  bumed  at  62  deg.  f»hr.  ■ 

„        162  X  21      3192       ,, 
U, p  -p-  cu.  it. 

77  That  the  formulffi  herewith  developed  give  correct  results  has  been 
demoostrated  by  applying  them  to  authoritative  and  carefully  executed  tesU. 
Thus  if  we  know  the  analysis  of  the  fuel  and  the  peroeatagea  of  CX>i  and  CX)  in 
the  flue  gaa  and  its  temperature,  we  can  not  only  readily  make  a  heat  balance, 
but  can  determine  all  other  important  and  useful  factors  without  the  knowledge 
of  molecular  weights,  specific  heats,  etc.,  and  without  the  elaborate  calculation* 
usually  involved. 

DISCUSSION 

W.  N.  PoLOKov  said  that  the  paper  laid  stress  on  the  details  of 
analyzing  boiler  performance,  but  in  his  opinion  the  attention  to  the 
performance  itself  was  the  important  thing.  He  exhibited  three 
charts  on  the  screen  in  which  the  percentage  of  coal  used  productively 


Fig.  2    Chaht  por  Kecordinq  Coal  CoNBUumoN'  in  a  Powek  Plant 

( Bluk  LlnH  in[ti»t«  pemntkcfl  of  rofti  lUAd  produHircLy.    Red  titaiuiou  lefeiinl  to  In  (nt 

nol  (hoim.) 

in  a  plant  was  indicated  by  :i  blnck  line,  the  line  being  continued  in 
red  to  represent  the  percentage  used  wastefully.  By  detenniniog 
what  the  evaporation  should  1)6  in  a  given  plant  and  then  ofTerinfi 
an  incentive  to  the  firemen  to  obtain  such  a  result  the  red  portion  of 
the  lines  on  the  chnrt  would  gradually  be  replaced  by  black,  indicat- 
ing a  corresiHrnding  reduction  in  the  coal  watttefully  consumed.  One 
of  these  chartti  ix  repro<luccd  in  Fig.  2;  the  continiiations  of  lines  in 
red,  however,  are  not  shown.  Mr.  Folakov  also  had  projected  on 
the  screen  several  views  of  installations  of  tx)iler-  and  combustioo- 
control  instrument  l>oards  which  he  had  devised. 
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D.  S.  Jacobus.  A  greater  number  and  a  better  quality  of  in- 
struments are  being  provided  than  formeily  to  guide  the  operators 
in  securing  good  results  from  boiler  plants.  The  results  secured 
under  test  conditions  are  usually  regarded  as  being  ooosideimbly 
above  what  can  be  obtained  in  regular  operation,  and  there  is  every 
reason  why  there  should  be  a  considerable  difference  if  the  operating 
crew  is  not  given  the  proper  instruments  to  work  with. 

Experts  will  make  tests  at  a  plant,  on^doying  any  number  <rf 
high-grade  indicating  and  recording  instruments  and  obtain  a  hi|^ 
efficiency,  and  will  say  to  the  operating  crew,  "That  is  the  way  to  do 
it."  They  then  will  take  away  all  of  the  instruments  and  make  the 
mistake  of  expecting  the  crew  to  obtain  good  results.  This  method 
is  bound  to  lead  to  disappointment,  as  the  regular  crew  can  secure  no 
better  results  without  the  proper  instruments  to  guide  them  than 
could  the  experts  if  they  attempted  to  operate  the  plant  without 
the  instruments. 

We  are  now  instAlling  boiler  plants  that  would  not  have  been 
considered,  say,  ten  years  ago  on  account  of  the  oomplicati<m  re- 
quired to  secure  additional  efficiency.  Good  results  have  been 
obtained  at  these  plants  through  using  the  pnqper  number  and  ii|^t 
type  of  instruments  and  through  a  proper  training  of  the  operators. 
It  does  not  require  a  technicaUy  trained  man  to  use  instruments  of 
this  sort  to  advantage  and  it  has  been  found  that  the  very  same  men 
that  have  operated  older  boiler  plants  where  simplicity  was  sought 
in  every  detail  have  made  a  success  in  operating  the  more  complex 
plants  and  have  become  enthusiasts  in  obtaining  the  very  best  results. 

The  author's  method  of  estimating  the  heat  loss,  or  any  other 
method  based  on  the  flue-gas  anal3rses  and  the  thoroughness  of  fuel 
combustion,  does  not  make  it  possible  to  separate  the  efficiency  of 
the  furnace  from  that  of  the  boiler,  or  to  include  all  possible  losses, 
as  there  is  a  feature  of  the  combustion  entirely  apart  from  what  is 
given  by  such  data  which  influences  the  combined  efficiency  of  the 
boiler  and  furnace.  For  this  reason  one  cannot  base  a  guarantee  for 
the  combined  boiler  and  furnace  efficiency  exclusively  on  data  of 
this  sort.  This  is  on  account  of  the  fact  that  delayed  combustion 
between  the  tubes  of  the  boiler  has  a  great  influence  on  the  flue-gas 
temperatiu-e.  As  good  flue-gas  analyses  may  be  obtained  where 
there  is  delayed  combustion  as  where  all  of  the  combustion  is  secured 
within  the  boiler  furnace,  but  it  can  readily  be  seen  that  unless  all 
of  the  combustible  elements  are  burned  within  the  furnace  there  will 
be  a  falling  off  in  the  efficiency.    This  fact  is  being  appreciated  more 
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and  more  and  the  general  practice  is  to  employ  larger  furnaces  than 
formerly.  In  some  instances  we  are  installing  furnaces  which  are 
three  times  as  large  for  a  given  class  of  work  as  in  the  past  and  are 
obtaining  additional  efficiency  thereby. 

Victor  J.  Azbe  said  that  practically  all  engineers  realiied  the 
importance  of  large  combustion  chambers  and  that  boilers  with  a 
space  of  7  ft.  between  the  grate  and  the  lower  row  of  tubes  were  now 
being  installed.  If  boilers  were  studied  from  the  standpoint  of  gas 
velocities  and  circulation  was  so  maintained  that  all  the  benefit 
possible  was  obtained  from  the  combustion  space,  much  hif^^ 
boiler  efficiencies  would  result. 

Thobias  J.  Gannon  (written).  During  the  war  the  destructive 
work  of  the  submarine  brought  up  for  solution  the  dual  problem  of 
smokeless  combustion  of  bituminous  coal  in  marine  boilers  of  cargo- 
carrying  vessels  and  of  steaming  these  boilers  continuously  at  thdr 
maximum  capacity.  The  solution  of  the  problem  was  conducted 
under  the  immediate  direction  of  Mr.  A.  M.  Hunt,  member  of  the 
Ship  Protection  Committee  of  the  United  States  Shipping  Board, 
and  the  writer  had  immediate  charge  of  the  development  work. 

The  solution  sought  would  first  reduce  the  radius  of  visiUlity 
of  the  vessel  from  approximately  25  miles  to,  say,  10  to  12  mika, 
thus  increasing  the  effectiveness  of  ^  the  protective  torpedo4xiAt 
destroyers  manyfold,  and  secondly,  would  increase  the  average 
speed  of  the  cargo  carriers  in  convoy  from  approximately  50  per 
cent  of  rated  speed  (speed  of  convoy  governed  by  speed  of  slowest 
boat)  to  full  rated  speed,  thereby  doubling  the  cargo-carrying 
effect  of  the  vessels. 

In  the  method  developed  the  coal  as  received  and  without  drsring 
was  first  crushed  so  that  no  particle  exceeded  }  in.  in  diameter,  and 
was  then  projected  into  the  furnace  by  a  jet  of  air  compressed  to  a 
pressure  of  3  to  5  lb.  gage. 

The  granulated  fuel  was  lifted  into  the  projecting  device  by  the 
vacuum  produced  by  the  jet  of  expanding  air,  which  delivered  it  to 
the  fuel-spreading  nozzles  which  sprayed  it  on  the  fuel  bed.  The 
fuel  bed  was  carried  on  the  ordinary  flat  grates  in  the  o(NTUgated 
furnaces  of  the  lx)iler.  The  transporting  air  was  approrimataly 
equal  in  amount  to  that  required  for  the  complete  combustion  of 
the  volatile  matter  in  the  coal.  At  the  high  temperature  produced 
in  the  combustion  chamber  all  the  volatile  matter  was  evolved  and 
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that  the  same  end  can  be  reached  in  a  more  direct,  simpler  and 
cheaper  way.  He  holds  that  the  three  autographic  records  as 
illustrated  in  his  paper  give  adequate  information  for  controlling 
economic  boiler  operation;  and  furthermore,  that  these  autographic 
records  will  serve  as  a  true  basis  for  an  equitable  bonus  ssrstem,  as  he 
will  endeavor  to  show  in  a  future  contribution  on  the  subject  to  the 
Society. 
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angle  between  the  jaws,  so  that  when  the  engine  starts  in  the  n 
direction,  the  crankshaft  revolves  30  deg.  before  the  camahaft  starts; 
that  is,  when  the  timing  becomes  right  for  the  new  directJon  of  rota- 
tion. The  air  starting  valves  are  operated  by  two  separate  earns, 
one  for  ahead  and  one  for  astern,  and  the  direction  of  rotation  of  the 
engine  is  determined  by  bringing  into  action  the  proper  cam,  whidi 
in  turn  times  the  starting  valve. 

2  This  automatic  reversing  mechanism  fuls  to  work  satisfac- 
torily when  the  engine  is  operated  at  low  speed,  because  then  the 
engine  does  not  turn  exactly  uniformly;  and  since  the  slip  clutch  ia 
of  the  friction  type  with  jaws  to  limit  the  ertreme  travel  to  30  deg., 
and  the  camshaft  and  its  parts  have  inertia  of  their  own,  this  eSp 
clutch  fails  to  hold  the  camshaft  in  exact  relation  to  the  cntnkshaft. 
This  upsete  the  timing  of  the  valves,  which  in  the  case  of  the  spray 
valve  is  important. 


Fio.  1    Sup  Coupling  for  Automatic  Shitt  op  Cihshapt 


3  In  the  1000-hp.  engine  installed  in  the  single-screw  » 
tender  Fulton  the  shifting  of  the  camshaft  was  made  definite  and 
positive  by  substituting,  in  place  of  the  slip  clutch,  a  aliding  sleeve 
operated  by  a  pneumatic  cyhnder  under  the  control  of  the  handling 
gear  shown  in  Fig.  2.  The  vertical  shaft,  which  drives  tba  eaanahaft 
from  the  crankshaft  is  cut  and  the  sliding  sleeve  connects  the  two 
parts;  it  slides  on  one  of  them  on  straight  keys  parallel  to  the  Ion|p- 
tudioal  axis  of  the  shaft,  and  on  the  other  on  spiral  grooves,  so  that 
when  the  sleeve  is  moved  along  the  axis  of  the  vertical  shaft  the  cam- 
»haft  is  twisted  relatively  to  the  crankshaft  through  the  same  angle 
of  shifting  used  in  the  original  design,  namely,  30  deg. 

4  To  make  the  action  still  more  positive,  there  is  an  automatic 
locking  dcvii-e  on  the  pneumatic  cylinder.  It  consists  of  a  bar  with 
two  holes,  connected  to  the  lever  operating  the  sleeve;  correepond- 
ing  to  these  holes  there  arc  two  locking  pins,  one  for  each  end  of  the 
pneumatic  cylinder.    The  parts  are  so  arranged  that  when  the  ■leere 
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arranged  radially  around  the  single  cam,  in  accordance  with  the  proper 
sequence  of  cranks.  All  of  the  camshafts  are  shifted  by  means  of  a 
single  pneumatic  cylinder  operating  sliding  sleeves  similar  to  the  one 
just  described,  except  for  the  addition  of  a  set  of  jaws  on  the  cam- 
shaft which  register  with  jaws  in  the  sliding  sleeve  in  its  extreme  po- 
sitions and  take  the  driving  effort.  The  work  of  the  spiral  grooves  is 
thus  confined  exclusively  to  shifting  the  camshaft.  As  in  the  two- 
cycle  engines,  only  a  single  cam  is  provided  for  each  valve.  This 
method  of  reversing  has  been  appUed  to  several  engines  and  acts  as 
satisfactorily  in  the  case  of  the  four-cycle  engines  as  for  the  two-cycle. 
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YiG.  3    Four-Ctcle-Engine  Reversino  Mechanism 


7  The  method  of  starting  a  Diesel  engine  which  is  almoBt  uni- 
versally used  is  by  means  of  compressed  air,  and  in  most  cases  the 
air  enters  the  working  cylinders.  The  objection  often  raised  BgMnwt 
this  practice  is  that  rapid  temperature  changes  are  produced  in  the 
cylinders  l)y  the  cliilling  effect  of  the  expanding  starting  air  alternat- 
ing with  the  heat  due  to  compression  and  then,  after  a  few  strakes, 
the  heat  due  to  combustion.  However,  this  method  gives  satufao- 
tor}'  service  and  no  ill  effects  are  known  to  result  in  the  qrlinder 
from  its  use. 

8  In  starting,  the  air  is  ordinarily  turned  on  for  only  a  few 
seconds,  and  in  a  few  seconds  more  the  engine  can  be  brou^t  right 
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even  under  very  adverse  conditions  they  soon  reach  such  a  tempem- 
ture  that  ignition  is  obtained.  In  the  case  of  reversing  engiiies 
the  handling  gear  is  sometimes  modified  to  cause  the  stariiiig  air  to 
be  turned  on  and  off  the  cyUnders  in  groups. 

12  The  question  S  maneuvering  is  principally  one  of  obtainiiiK 
sufficient  starting-air  capacity,  either  by  carrsdng  a  large  number  of 
flasks  or  —  a  much  better  way  in  the  case  of  a  large  ship — by  baviog 
an  auxiUary  compressor  unit  of  good  capacity.  While  the  ship  is 
maneuvering,  the  compressor  unit  is  kept  running  all  the  time  and 
pumps  into  the  starting  flasks.  With  such  a  provision  an  engine  can 
be  reversed  repeatedly  with  only  a  very  small  starting-flask  capacity. 

13  In  the  case  of  small  powers,  it  is  much  more  convenient  to 
use  a  clutch  between  the  engine  and  propeller  and  employ  a  non- 
reversing  engine  which  is  kept  running  all  the  time. 

14  The  charge  is  often  made  against  the  Diesel  engine  that  it  is 
impossible  to  slow  it  down  materially.  This  is  true  to  a  certain 
extent  of  the  ordinary  type  of  construction,  but  with  the  pnq[)er 
modifications  any  Diesel  engine  can  be  made  to  slow  down  and 
operate  as  readily  at  the  lower  speeds  as  at  the  higher.  The  solutiaii 
of  the  problem  consists  in  having  a  regular  enough  turning  moment 
to  keep  the  engine  running  fairly  smoothly,  and  in  obtaining  definite 
and  regular  ignitions  in  the  cylinders.  The  case  is  much  ainqder 
for  a  large,  heavy  engine  which  has  a  big  mass  in  the  moving  parta, 
and  where  there  are  a  larger  number  of  cylinders,  say,  at  least  aiz 
for  a  two-cycle  engine  and  eight  for  a  four-cycle  engine,  than  it  is  for 
a  small,  Ught  engine. 

15  In  the  propulsion  of  a  ship  the  power  drops  off  very  rapidly 
as  the  revolutions  are  reduced,  and  therefore  at  very  low  speeds  the 
power  is  so  small  that  when  divided  up  among  all  of  the  cylinders  in 
the  engine  there  is  not  enough  fuel  injected  into  each  cylinder  to  giTS 
regular  ignitions.  This  can  be  remedied  in  a  large  measure  by  cutting 
out  half  of  the  cylinders.  The  load  per  cylinder  wiU  then  be  more 
than  doubled  and  the  engine  will  run  with  very  light  loads  at  low 
revolutions. 

IG  Another  method  consists  in  the  control  of  the  spray-valve 
Uft  and  timing  by  the  operator.  The  control  mechanism  is  so  ar- 
ranged that  the  timing  and  lift  are  changed  at  the  same  time.  In 
some  cases  the  valve  is  made  to  open  at  the  same  time  under  all 
settings  and  to  close  earUer,  while  in  others  it  delays  the  time  of 
opening  by  the  same  amount  the  time  of  closing  is  shortened.  Both 
systems  appear  to  work  satisfactorily.    When  it  is  desired  to  slow 


the  engine  down  t 
reduced  and  the  tin 
somewhat.  The  o 
ignitions  in  the  cj 
good  control  over  tl 
to  cutting  out  somi 
vides  more  impulse 
are  all  very  vital  po 

17  The  advisal 
the  timing  and  lift 
engine  and  the  pb 
such  gear,  an  angin 
out  di£Etculty,  hence 

maTimiim  speed  fA 

half  speed  means  lii 
in  the  case  of  shipc 
20  knots,  it  is  very 
quarter  speed  or  les 
abnoBt  a  necessity, 
be  considered  bette 
simplification,  but  < 
slight  added  compl 
while. 

18  The  questit 
the  type  of  engine, 
open-frame  slow-spt 
where  the  crankcasi 
leads  to  separate  1: 
There  is  one  difficul 
cal  oiler,  and  that  is 
and  each  pipe  or  li 
tention  in  order  to  s 
to  that  particular  i 
enough  oil  with  a  e 
requirements  of  the 

19  The  big  ad\ 
good  surplus  is  supj 
of  the  oil  is  secured 
hence  requires  no  a 
to  make  sure  that 
course  the  various  j 


730  BiARINE  DIESEL  OIL  ENGINES 

a  matter  that  can  be  readily  attended  to  during  the  overhauling 
period  and  there  is  very  little  tendency  for  the  oil  to  plug  up  the 
passages  during  operation. 

20  There  is  one  thing  in  connection  with  forced  lubrication  that 
is  extremely  important  and  requires  constant  watchfulness  on  the 
part  of  the  operator,  and  that  is  the  question  of  salt-water  leaks 
into  the  lubricating  oil.  Any  leak  into  the  crankcase,  no  matter 
how  small,  forms  an  undesirable  mixture  with  the  lubricating  oU 
and  at  moderate  temperatures  creates  a  deposit  which  will  quickly 
plug  up  the  passages.  If  special  precautions  are  taken  against  tbe 
leakage  of  the  salt  water  into  the  oil  and  the  condition  of  the  oO  is 
watched  carefully  at  all  times,  there  is  Uttle  chance  for  difficulty 
in  this  direction.  From  every  other  standpoint  forced  lubrication 
has  the  advantage  over  other  methods.  The  proof  of  this  is  best 
shown  by  the  increasing  adoption  of  this  system  on  engines  of  aU 
types  and  sizes. 

21  With  an  open-frame  engine  and  using  special  precautions  so 
that  lubricating  oil  from  the  working  cylinders  does  not  drip  into  the 
crankcase,  the  oil  does  not  become  foul  except  after  long  servioe,  but 
with  the  closed-crankcase  trunk-piston  engine  the  lubricating  oil 
soon  becomes  fouled  with  finely  divided  carbon  particles.  After  a 
time  the  oil  turns  very  black  and  viscous  and  tends  to  dog  the  oil 
passages.  This  requires  as  much  as  3000  hours'  running  in  some 
cases,  while  in  others  this  condition  obtains  in  a  few  hundred  hours. 
It  is  understood,  of  course,  that  oil  is  added  from  time  to  time  to 
make  up  for  the  losses,  but  the  system  is  not  cleaned  out  and  the 
whole  supply  replenished  in  all  this  time.  As  this  condition  of  the 
oil  is  approached  the  danger  of  bearing  troubles  increases,  and  if  it 
can  be  avoided  the  oil  ought  never  to  be  allowed  to  get  into  such  a 
condition. 

22  Most  of  the  carbon  particles  are  removed  by  filtering  and 
the  filtered  product  approaches  the  original  in  all  its  properties 
except  that  it  is  darker,  due  to  the  presence  of  the  particles  irtiich 
were  not  removed  by  filtering.  The  centrifugal  process  of  clarifying 
is  even  better  than  filtering  and  removes  a  larger  proportion  of  the 
carbon  particles. 

23  To  attempt  to  filter  or  clarify  the  oil  each  time  it  is  cireulated 
through  the  engine  would  imply  the  addition  of  too  much  iqipaimtus 
to  take  care  of  such  a  quantity  of  oil,  and  fortunately  it  is  ""*^ftPM 
sary.    The  best  way  is  to  drain  out  the  system  at  regular  intenrals, 
depending  upon  the  type  of  engine  and  the  conditions  of  the 
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pumping  it  into  gravity  tanks  placed  well  up  in  the  engine  room  so 
that  the  fuel  can  flow  by  gravity  from  the  tanks  to  the  engines. 
The  tanks  are  made  large  enough  to  hold  at  least  several  hours' 
supply  and  oftentimes  a  whole  day's  supply,  so  that  the  fuel  has 
plenty  of  time  to  settle  and  any  sediment  or  water  will  collect  at  the 
bottom  of  the  tank,  where  it  may  be  drained  off.  It  is  very  necessary 
that  the  fuel  supply  to  the  engine  be  perfectly  clean.  Very  small 
particles  of  dirt  or  foreign  matter  will  stick  in  the  valves  on  the  fuel 
pumps  on  the  engine  and  cause  no  end  of  trouble.  There  is  only  one 
way  to  avoid  getting  this  dirt  into  the  engine  and  that  is  to  filter  the 
fuel  properly.  The  filter  is  sometimes  placed  between  the  gravity 
tank  and  the  engine  and  is  sometimes  combined  with  the  gravity 
tank.  In  case  the  gravity  tank  is  of  small  capacity,  it  is  generally 
placed  on  the  discharge  side  of  the  pump  which  pumps  the  fuel  from 
the  main  tanks  to  the  gravity  tank. 

30  The  arrangement  of  the  exhaust  piping  depends  upon  the 
type  of  the  boat  and  the  conditions  of  the  installation.  In  the  case 
of  small  boats  where  the  water  line  is  more  or  less  fixed  and  vety 
little  rough  water  is  encountered,  an  underwater  exhaust  works  out 
very  satisfactorily,  but  in  the  case  of  large  ships  the  exhaust  must 
be  carried  up  a  stack.  In  twin-screw  boats  it  is  essential  that 
the  exhaust  from  each  engine  be  kept  separate  so  that  it  can  be 
watched  by  the  operators.  One  of  the  simplest  methods  of  detect- 
ing faulty  operation  in  a  Diesel  engine  is  to  watch  the  exhaust. 
The  least  sign  of  smoke  is  a  sign  of  poor  combustion  and  should  be 
investigated  at  once. 

31  Many  varieties  of  muffler  are  used.  The  main  idea  of  all  of 
them  is  to  break  up  the  pulsations  in  the  flow  of  the  gases  and  give  a 
steady  flow.  Where  there  is  plenty  of  space  and  weight  available,  a 
big  expansion  chamber  serves  fairly  well,  but  it  is  much  better  to 
reduce  the  size  and  use  baffle  plates.  One  of  the  best  types  is  one 
in  which  the  gases  enter  a  cyUndrical  chamber  tangentially  at  the 
circumference  and  escape  at  the  center,  or  vice  versa.  Cooling  the 
gases  by  turning  the  cooling  water  from  the  engine  into  the  ffffttawt 
pipe  helps,  too,  but  is  not  used  except  in  some  special  oaaea.  If 
there  is  very  much  sulphur  in  the  fuel,  water  combineB  with  the 
products  of  combustion  and  forms  sulphuric  acid,  which  will  in 
time  destroy  the  exhaust  piping.  If,  however,  the  entire  quantity 
of  the  cooling  water  passing  through  the  engine  is  turned  into 
the  exhaust,  the  mixture  is  so  dilute  that  there  is  little  dao|Br  of 
trouble. 
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35  In  view  of  all  this,  it  is  readily  understood  why  lubricating 
oil  is  used  only  in  special  cases  where  certain  conditions  make  the 
advantages  more  than  outweigh  the  disadvantages. 

36  For  commercial  work  it  is  safe  to  say  that  the  choice  lies 
between  fresh  and  salt  water.  Fresh  water  requires  an  additional 
system  including  tank,  pump,  cooler  and  piping  but  it  is  not  so  cor- 
rosive, not  so  destructive  to  the  packing  in  the  joints  of  the  system, 
not  dangerous  as  regards  deposits  in  the  piston,  and  in  case  of  leakage 
into  the  lubricating  oil  there  is  not  the  danger  of  damage  to  bearings. 
When  salt  water  is  used  with  proper  precautions,  most  of  the  advan- 
tages of  fresh  water  disappear,  but  it  is  a  question  as  to  how  far  these 
precautions  can  be  successfully  carried  out  under  every  day  working 
conditions.  Both  fresh  and  salt  wat6r  will  imdoubtedly  be  used 
for  some  time  to  come  until  enough  experience  is  gained  with  both 
systems  to  finaUy  settle  the  matter  either  one  way  or  the  other, 
or  it  may  be  that  fresh  water  will  be  used  for  high-grade  installa- 
tions and  salt  water  where  first  cost  and  simplicity  are  of  prime 
importance. 

37  To  carry  the  Uquid  to  and  from  thie  piston  there  are  three 
general  systems,  but  the  details  for  any  one  system  are  varied  greatly 
by  the  various  engine  builders  or  by  the  same  builder  on  different 
engines.  One  system  is  to  combine  the  cooUng  with  the  lubrication 
system  as  in  Fig.  4,  but  this  of  course  is  appUcable  only  in  case 
lubricating  oil  is  used  for  cooling.  The  general  scheme  is  to  supply 
the  oil  to  the  main  bearings,  from  whence  it  passes  through  the  hollow 
crankshaft  to  the  crankpin  bearings  and  up  the  connecting  rods  to  the 
wrist  pins,  thence  through  pipes  or  passages  in  the  piston  to  the  head 
and  back  again  through  a  pipe  or  passage  to  some  point  near  the  bot- 
tom of  the  piston,  from  where  it  can  drain  directly  into  the  crank|Mt. 
A  certain  amount  of  oil  leaks  out  at  the  bearings  and  this  serves  to 
lubricate  them. 

38  A  second  system  is  to  use  jointed  swinging  pipes  and  a  third 
system,  telescopic  pipes.  Both  inlet  and  outlet  pipes  can  be  and  are 
generally  used  so  that  any  liquid  desired  can  be  employed  for  the 
cooling  medium.  The  swinging  pipes  are  suitable  for  8low-«peed 
engines  only,  as  at  high  speeds  the  inertia  forces  are  very  large  and  it 
is  troublesome  to  take  care  of  them  properly.  Moreover,  the  panftagfr 
for  the  liquid  must  by  the  nature  of  the  case  have  several  bends 
and  turns,  and  at  high  revolutions  the  inertia  forces  produce  ez* 
trcmely  Iiigh  pressures,  making  it  very  difficult  to  keep  the  jointB  of 
the  systems  tight. 


aring 
E  box 
e  stn 

choti 


e  joii 
at  8U< 

tports 
I  flyiE 
nnect 
40 


738  MARINE  DIESEL  OIL  ENGINES 

Raymond   C.   Fuller   (written).    The   automatic   methoci 
reversing  described  in  Par.  1  is  open  to  the  criticism  of  all  met 
which  employ  several  air  pistons  with  interlocking  functions, 
reversing  is  necessary  only  at  the  end  of  a  voyage,  the  severs^ 
cylinders  are  Uable  to  become  stiff  from  temporary  disuse  and 
badly  when  the  need  is  greatest.    This  of  course  can  be 
executing  a  few  maneuvers  to  renew  the  flexibility  of  the  systenfe.  just 

before  coming  into  port. 

There  are  other  schemes  for  reversing  which  are  very  reli 
One  is  to  provide  two  sets  of  cams,  one  for  ahead  and  one 
separate  parallel  shafts  geared  together  and  movable  laterally. 
maneuver  is  executed  by  moving  the  system  of  cams  under  the 
rollers  to  bring  the  required  set  into  play.    This  can  be  done 
ally  or  by  steam,  compressed  air  or  electric  power.     In  going  f  .^rom 
ahead  to  astern  the  cam  system  passes  through  a  neutral 
which  time  a  device  interlocking  with  the  handling  gear  relieve 
the  compression  in  the  cyUnders.    This  enables  the  starting 
give  the  engine  momentum  against  the  first  working  comp 
without  overcoming  the  compression  at  the  moment  of  stopping. 

There  is  another  method  in  which  the  ahead  and  astern  cams        ^*^ 
keyed  rigidly  to  one  camshaft.    In  this  case  reversing  takes 

by  either  lifting  the  rollers  free  of  the  cams  and  sliding  the 

so  the  rollers  index  with  the  reverse  set  of  cams,  or  by  keeping 
camshaft  in  the  same  position  and  swinging  the  rockers  up  and  o^  '^  . 
to  the  reverse  set  of  cams.    In  the  case  of  a  four-cycle  engine  iP\    .  , 
rocker  shift  is  accomplished  in  the  following  way:  The  rocker  f 
crums  are  eccentrics  keyed  to  a  common  layshaft  for  the 
engine.    The  air-inlet,   exhaust  and    starting-air    rockers   are 
0(^contrics  which  are  fastened  askew  on  this  layshaft  with  the  ^^^^^^^"^^ 
l)otween  their  axis  and  the  axis  of  the  layshaft  approximately  eqi     '^ 
to  half  the  angle  necessary  to  swing  them  to  the  reverse 
'Hie  fuel  rocker  is  on  an  eccentric  with  axis  parallel  to  the  lajrsha*^*  "TT 
and  is  of  sufficient  throw  to  carry  the  roller  to  reverse  relation  wi' 
Iho  cam  nose.     It  is  necessary  to  provide  two  points  of  oon 
l>etwecn  the  air-inlet,  exhaust  and  starting-air  valve  stems  and 

■ 

to  take  caro  of  the  two  positions  of  the  rockers.    The  .valve  end 
the  fuel  rocker  is  a  slot  through  which  the  top  of  the  valve 
slides.    By  turning  the  layshaft  the  eccentrics  lift  the  rockerB 
throw  them  over  through  a  neutral  position  to  the  reverse 
The  starling  cams  oi)crat«  at  an  intermediate  position  and  swim 
of  the  way  for  normal  working  conditions.     In  the  case  of 
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engines  with  scavenging  ports  at  the  bottom  of  the  piston  stroke 
instead  of  scavenging  valves  in  the  head,  it  is  only  necessary  to  re- 
verse the  air-inlet  and  fuel-valve  functions.  This  is  easily  accom- 
plished by  changing  the  relation  between  the  cams  and  rollers  by 
providing  transition  slopes  on  the  sides  of  the  cam  noses  for  the 
rollers  to  travel  on  when  they  dismount  and  mount  the  cams  when 
the  camshaft  is  brought  to  a  reverse  position  by  a  longitudinal  shift* 

In  maneuvering  with  compressed  air  in  the  working  cylinders  the 
two-cycle  engine  has  ordinarily  much  the  advantage  in  turning  effort 
over  the  four-cycle.  This  disadvantage  in  the  four-cycle  can  be 
overcome  by  arranging  it  to  function  as  a  tWo-cyde  engine  in  starting. 
In  addition  to  using  a  two-nosed  starting  cam,  an  auxiliary  arm  with 
a  roller  on  the  exhaust  rocker  is  cut  in  on  an  auxiliary  exhaust  cam 
with  the  nose  set  at  180  deg.  from  the  main  exhaust  cam.  With 
the  inlet  valve  cut  out  of  action  the  engine  runs  two-cycle  on  start- 
ing air. 

No  matter  what  system  of  direct  reversing  is  used,  there  are 
expensive  and  intricate  compUcations  over  what  is  necessary  for  the 
non-reversible  t3rpe.  It  would  be  well  to  give  considerable  thought 
to  the  electric  drive  or  the  hydrauUc  transformer  in  connection  with 
the  marine  Diesel  engine.  Unlike  reversing  clutches,  these  inter- 
mediary controlling  devices  have  no  limit  to  their  size.  They  are  of 
themselves  costly,  but  there  are  compensations  in  the  reduced  cost 
of  non-reversing  Diesel  engines  in  many  ways.  CompUcated  hand- 
ling gear  and  immense  starting  air  tanks  could  be  dispensed  with. 
Direct  drives  require  engines  with  speeds  suitable  to  the  propeller. 
Indirect  drive  can  make  the  more  economical  use  of  higher  engine 
speeds  and  consequently  a  lighter,  less  costly  engine.  The  repairs 
and  lost  time  which  in  many  cases  can  be  attributed  to  damages  to 
the  engine  through  maneuvering  would  go  a  long  way  toward  paying 
:he  extra  cost  of  an  indirect  drive.  The  use  of  reduction  gears  ^ould 
De  a  logical  step  in  taking  advantage  of  the  increased  engine  speed, 
Dut  there  is  no  maneuvering  advantage  in  this  scheme.  We  should 
lever  forget  that  cost  per  deadweight-ton-mile  is  the  criterion  for 
economy  for  a  ship  and,  in  connection  with  this,  huge  repair  bills  and 
ost  time  count  heavily  against  low  unit  costs.  For  this  reason  the 
oregoing  means  of  utilizing  the  marine  Diesel  seem  worth  our 
attention. 

The  expansion  of  compressed  air  into  the  working  cylinders  is 
Dad  in  two  ways.  The  freezing  effect  on  the  hot  walls  is  likely  to,  and 
3ften  does,  produce  cracks.    The  expanded  air  recompressed  in  the 
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case  of  the  two-cycle  engine  does  not  produce  a  satisfactorily 
temperature  to  insure  the  positive  ignition  of  the  fuel,  and  in        ^^ 
case  of  the  four-cycle  the  temperature  for  ignition  is  not  as  hi^  l.*^^  " 
no  starting  air  were  used  in  the  working  cylinders.    Cylinder  lii^B**** 
which  are  hard  enough  to  withstand  excessive  wear  are  likdy^*=^  ^ 
crack  due  to  rapid  temperature  changes. 

My  experience  has  been  that  the  best  maneuvering  engincB  ^ 

those  which  do  not  start  on  compressed  air  expanded  in  the  work  ^  ^^ 
cylinders.  Those  which  use  compressed  air  in  this  way  consu^K— ■mw 
excessive  amounts  for  this  purpose.  The  more  reliable  and  eflSci»  -X  ^^^ 
way  is  to  maneuver  by  means  of  the  air  compressor  in  the  caflu— ^'^  ^' 
four-cycle  engines  and  the  scavenge  pump  in  that  of  two-cy^  -'Wcle. 
Two  or  more  compressors  on  a  four-cycle  engine  can  have  the  craiK^-^wiks 
set  to  give  a  good  starting  moment  on  the  shaft  and  if  necessary  "  ^ 
low-pressure  cyhnders  can  be  double-acting.    By  valve  xnanipulat  i^^tioD 

• 

the  expansion  of  starting  air  in  the  low-pressure  cylinders  of  the  ^  air 
compressors  will  turn  the  engine  in  the  desired  direction  until  "  the 
fii*st  working  stroke  is  made.  The  power  stroke  is  usually  the  {^^Mnt 
or  second  possible,  so  the  starting  air  can  be  shut  off  early  in  the 

process.    The  same  idea  is  carried  out  in  the  scavenge  pumps  <mi 

two-cycle  engines.    The  thought  in  both  cases  is  to  allow  the 
cylinders  to  function  only*  as  such  at  the  first  possible  instant 
maneuver  and  not  be  required  to  have  the  starting  air  expand 
them  with  the  resultant  cooling  effects  then  switched  over  to 
Many  times  the  fuel  does  not  ignite  at  first  because  the  recomp: 
expanded  air  does  not  produce  a  high  enough  temperature. 
starting  air  used  in  the  compressor  or  scavenge  pump  can  be 
a  cushion  in  bringing  the  engine  to  a  standstill  and  thus 
(quicker  reversal  possible.    It  is  obvious  that  the  quicker  the 
is  reversed  the  more  economical  it  will  be  in  the  use  of  starting 

Referring  to  Par.  10,  there  is  another  thought  to  be  added  to 
idea  of  starting  on  light  oil,  and  that  is,  to  stop  on  it.    The  comb 
lion  conditions,  atomization  and  temperature  conditions  in  maneuv" 
ing  are  rather  poor,  so  that  with  heavy  oil  carbon  deposits  are  lia 
to  fonii.    By  using  light  oil  in  maneuvering  and  for  a  period  beC 
stopping,  not  only  is  the  fonnation  of  carbon  deposits  prevm 
but  that  already  formed  is  burned  in  the  presence  of  the  more 
combustion  of  the  light  oil.    Fuel  pumps  are  easily  amngod 
switch  from  one  kind  of  oil  to  another. 

The  ])oint  raised  in  Par.  16  in  regard  to  the  consumption  of  fi 
injection  air  in  relation  to  time  of  opening  and  valve  lift  is  very 
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From  my  experience  with  various  types  of  propelling  machinery, 
it  is  my  opinion  that  twin-screw  vessels  can  be  successfully  equipped 
with  Diesel  engines  up  to  3500  b.hp.,  but  beyond  this  point  lies  the 
field  for  high-speed  turbines  with  double-reduction  gears  for  some 
time  to  come. 

In  regard  to  settling  tanks  for  removing  water  and  the  heavier 
impurities  from  fuel  oil,  a  tank  with  alternate  baffles  fastened  to 
bottom  and  sides  with  the  others  fastened  to  top  and  sides  so  as  to 
form  successive  traps  for  the  impurities,  works  very  weU.  Heating 
the  discharge  from  this  tank  as  it  passes  through  the  filter  acoelerstes 
the  separation  of  the  dirt  from  the  fuel  oil.  The  use  of  spare  filters 
is  advisable,  so  that  one  may  be  cleaned  while  the  others  are  in 
commission. 

The  Author.  It  is  to  be  regretted  that  more  complete  infor- 
mation is  not  at  hand  to  answer  Mr.  Shaw's  suggestion  in  regard  to 
details  of  the  actual  performances  of  the  Maumee.  The  minor 
troubles  referred  to  in  the  paper  were  those  experienced  during  the 
early  months  of  her  career.  They  consisted  of  a  cracked  cylinder 
water  jacket  due  to  improper  fitting  of  the  Uner  in  the  jacket  and  of 
troubles  with  air-compressor  valves  due  to  feeding  too  much  lubri- 
cating oil  to  the  compressor  cylinders.  This  latter  trouble  wa 
tirely  eliminated  as  soon  as  the  operating  personnel  had  had  a 
more  experience.  As  for  the  cylinder  heads,  three  different  types 
were  tried,  and  according  to  the  best  information  at  hand  all  of  them 
have  proved  to  be  entirely  satisfactory.  The  three  types  oonaiated 
of  a  single-piece  cast-iron  head,  a  two-piece  forgednsteel  and  cast- 
iron  head,  and  a  single-piece  bronze  head. 

There  is  no  intention  whatever  of  claiming  that  the  MoiMMe 
was  a  pioneer  motorship,  but  the  point  is  that  the  successful  oper- 
ation of  engines  of  that  power  indicates  that  Diesel  engines  of  suflt> 
cient  power  to  drive  practically  any  size  of  ocean-going  cai|D  tsobsI 
now  built  are  available.  The  number  of  successful  motor  carBO  ships 
is  increasing  steadily  and  very  rapidly,  but  by  far  the  greater  majority 
of  them  have  engines  developing  a  total  shaft  horsepower  of  2fi00  or 
less,  which  is  about  half  that  of  the  Maumee'a  engines.  Then  m  no 
reflection  on  the  builders  of  these  ships  in  this,  but  it  is  rathor  a 
result  of  conditions  and  an  indication  of  the  sound 
judgment  of  the  builders.  They  have  wisely  started  with 
of  small  powers  per  cylinder,  and  have  undertaken  the  oonstnictioa  of 
larger  engines  as  they  gained  experience.    Fortunately  the 
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draulic  transformer.  Time  alone  will  determine  whether  or  not 
these  other  systems  offer  enough  advantages  over  the  direct  con- 
nected installation  to  justify  their  permanent  adoption. 

Mr.  Fuller  is  absolutely  right  in  urging  that  the  word  "success" 
l)c  used  in  its  broadest  sense  in  connection  with  Diesel  engines. 
The  construction  of  the  large  marine  Diesel  engine  is  hanlly  beyond 
its  infancy  in  this  country  at  present  and  consequently  the  costs  of 
construction  are  necessarily  high.  But  even  so,  the  Diesel-engined 
motorship  is  more  economical  than  the  steamship,  as  is  proved  by 
the  ever-increasing  number  of  motorships  being  built. 

The  small  marine  Diesel  engine  has  already  firmly  established  it- 
self, and  as  time  goes  on  and  experience  is  gained  larger  engines  will 
just  so  surely  be  adopted  in  increasing  numbers. 
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exhaust  passage.'  Losses  in  the  exhaust  passages,  however,  have  oo 
influence  on  the  thermal  efficiency  of  the  en(^e.  In  order  to  arrive 
at  the  influence  of  varying  proportions  and  speeds  on  the  effidency 
it  would  be  necessary  to  determine  separately  the  losses  during  the 
expansion  stroke  for  a  whole  series  of  eng^es,  varying  only  one 
factor  at  a  time.  No  such  invest^tion  has  to  the  knowledge  of 
the  writer  been  undertaken. 

2  Clerk,  however,  has  determined  very  carefully  the  loeses  with 
varying  temperature  in  one  engine,  and  his  results,  combined  with 
other  material,  most  of  which  will  be  found  reported  in  hie  treatiae 
on  gas  engines,*  can  be  made  applicable  also  to  other  engines. 

3  The  formula  for  cooling  loss  developed  later  by  the  author 
from  the  published  work  of  Clerk  and  others,  while  in  form  based  on 
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FiQ.  1    Clerk  Diaqiuu  or  Explosiok  and  Altzbnatx  CouPBiaBiOM  axd 
Expansion  op  Hot  Gabes  in  Emgins  Ctlindie 

theoretical  considerations,  has  nevertheless  been  found  to  rgpreaent 
fairly  both  the  results  of  careful  experiments  and  general  experi- 
ence, and  its  presentation  at  this  time  would  therefore  seem  to  be 
justified. 
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UBTHOD  EMPLOYED   BY  DCQALD  CLERK  IN   HIS  I 

4  Clerk  equipped  an  ordinary  gas  enpne  with  a  oontrivance 
enabling  him  momentarily  to  close  the  inlet  and  exhaust  valves 

■  For  &  complete  as  well  u  succinct  statement  of  Uwh  Icwm,  ■■  who  tl 
mcMt  other  ezperimeDtol  facta  refcired  to  in  thic  paper,  the  nmdtr  ia  rrfaiwl  to 
the  Gustave  Cuiet  Lecture  of  Dugold  Clerk,  Engineering,  July  4  Mtd  11,  191S, 
pp.  28  and  68. 

•  Dugald  Clerk,  The  Gas,  Petrol  and  Oil  Engine,  John  Wiley  *  Som,  Im, 
Vol.  I.,  1909,  Vol.  II,  1013. 
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section  of  the  curves  with  the  temperature  axis  gives  the  mean 
temperature  of  the  wall.  There  are,  then,  four  curves  referring  to 
two  different  ratios  of  cooling  surface  to  included  volume  and  to 
four  different  wall  temperatures.  It  will  be  noticed  that  the  aver- 
age wall  temperature  for  the  whole  stroke  is  only  about  60  deg. 
cent.  (140  deg.  fahr.)  at  light  load,  and  200  deg.  cent.  (392  deg.  fahr.) 
at  heavy  load.  At  heavy  load  the  average  temperature  of  the  com- 
bustion space  and  adjacent  parts  is  as  high  as  380  deg.  cent.  (720 
deg.  fahr.) 

7  At  the  range  of  average  gas  temperatures  occurring  during 
ordinary  full-load  conditions,  the  curve  b  probably  represents  the 
cooling  losses  with  all  the  accuracy  to  be  expected  in  the  present 
connection.    No  other  curve  will  henceforth  be  referred  to. 


TABLE  1    APPARENT  SPECIFIC  HEAT  aNSTANTANEOUS)  AT  CONSTANT 

VOLUME,  Cp,  EXPRESSED  IN  FT-LB.  PER  CU.  FT.  OF  WORKING 

FLUID  AT  0  DEG.  CENT.  AND  760  MM. 


Temperature, 
def .  cent. 

C«  ft^lb. 

Temperature, 
dec.  cent . 

1 

CwMb, 

0 

10.6 

800 

ai.s 

100 

20.0 

000 

as.c 

200 

22  0 

1000 

91.8 

300 

23.0 

1100 

!?.• 

400 

230 

1200 

17.2 

500 

24.8 

1300 

178 

flOO 

25.2 

1400 

87.88 

700 

25.7 

1500 

S7.tt 

8  The  curves  in  Fig.  2  give  temperature  drop,  not  heat  loss. 
The  expansion  work  in  an  engine  cylinder  is  directly  connected  with 
the  temperature  drop  by  means  of  the  specific  heat.  On  the  other 
hand,  the  work  can  be  directly  evaluated  from  the  indicator  dia- 
gram. In  this  way  the  specific  heat  of  the  gas  in  the  cylinder  at 
various  temperatures  can  be  ascertained.^  Clerk  gives  the  values 
found  in  Table  1. 

9  Table  1  gives  a  striking  illustration  of  the  increase  of  the 
specific  heat  with  the  temperature.  This  increase  is  not  unifonn, 
however.  It  is  considerable  at  lower  temperatures,  but  almost  nil 
at  higher  temperatures.  Clerk  in  his  original  paper  deems  this  be- 
havior partly  due  to  delayed  combustion  and  hence  considera  his 
specific  heat  values  as  merely  "apparent." 

1  See  Proceedings  of  the  Royal  Society,  A.  vd.  77,  p.  409. 
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Steam  (asaumed  gaseous) 11.9 

Carbon  dioxide 5.2 

Oxygen 7.9 

Nitrogen 75.0 

12  The  molecular  weight  of  this  mixture  would  be  27.96,  or 
practically  that  of  pure  nitrogen,  and  the  weight  of  1  cu.  ft.  at  0  deg. 
cent,  and  760  mm.,  0.078  lb.  The  specific  beat  for  the  mixture  at 
various  temperatures  is  ffvea  in  Table  2,  in  customary  units,  the 


I 


MOD         £400        ZMO 


values  having  been  derive<l  both  from  the  Clerk  and  the  Nemst 
values. 

13  The  difference  between  the  two  series  of  specifio-lwat  valuea 
given  in  Table  2  amounts  to  alwut  10  per  cent  in  the  middle  of  the 
range,  but  is  barely  1  per  cent  at  atmospheric  temperature  and  leas 
than  2.5  per  cent  at  LIOO  dog.  cent.  (2700  deg.  fahr.).  With  the 
iiiil  of  Clerk's  specific  hcuts  the  cooling  curves  in  fig.  3  have  been 
obtained.'    These  curves  give  the  cooling  loss  during  the  whole 

'  The  Hpei'ifif-hcat  valups  of  Clrrk  h.ivc  been  deduced  ffom  « 
done  by  the  gaitnt  in  his  engine.  They  give,  therefore,  the  heftt  or  n 
lent  of  &  certain  temperature  drop  in  this  engine,  and  should  be  ua 
ing  heat  loasen  from  meofiurcd  temperature  drops  therein. 


752 


COOLtNO  LOSSES  IN  INTBRNAL-COUBUSTION  EHQINES 


Total  cylinder  volume  with  full-out  piston,  cu.  ft.. . .      2.41 

Total  cooling  surface  with  full-out  piaton,  Bq.  ft 11.20 

Sq.  ft.  of  cooling  surface  per  cu.  ft.  of  volume 4.04 

15  Now,  the  most  dmple  assumption  to  make  with  regard  to 
cooling  losses  is  that  they  vary  directly  as  the  ratio  of  surface  U> 
included  volume.  For  this  assumption  there  is  considerable  sup — 
port  in  the  results  of  experiments  with  explosions  in  closed  vessels— 
Table  3  gives  data  on  the  surface  and  capacity  of  the  vessels  used  b^^ 
several  different  experimenters,  and  Table  4,  values  of  the  t 
ture  drop  in  the  same  vessels  as  recorded  by  Clerk. 

16  The  values  in  Table  4  have  been  plotted  in  ilg.  4.    Tl 
experiments  were  carried  out  at  widely  differing  places  and  times  b 
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Sc[l>9r»  fe*t  Iff  Cooling  Surface  per  Ciibtc  Foot  of  ^ 

Fio.  4    Explosion  ExpKBnuNTe  with  Closzd  Vbbbxu:  Drop  n  1 
TTiBB  IN  0.05  BBC.  AT  Mean  Teupeiutitrbs  Qitsn; 
Explosion,  Atmospheric 

different  experimenters,  using  different  methods,  with  vt 
differing  shapes.    It  should  not  cause  any  surprise  that  the  point 
are  scattered.    Nevertheless,  it  can  hardly  be  denied  that  they 
more  naturally  represented  by  stnugbt  lines,  as  shown,  than  in  i 
other  manner. 

17    As  far  as  experimental  evidence  goes,  it  then  certainly 
to  counsel  the  assumption  of  direct  proportionality  between 
loss  per  unit  time  and  the  ratio  of  surface  to  included  volume. 
geometrically  similar  vessels  this  ratio  varies  inversely  as  the 
dimeusioui).    For  similar  engines  running  at  the  same  number 
revulutions  the  cooling  losses  would  then  vary  inversely 
cylinder  diameter.    This  has  lal  to  the  conclusion  that  the 
losses  could  l>e  reduced  almost  to  sero  by  employing 


irge  dimemdons.  How 
urther  scrutiny. 

18  Infiuence  of  Spee 
rom  Clerk's  experiment 
)ss  varies  directly  as  tt 

0  heat  transfer  has  er 
qual,  the  heat  loss  in  a 
.p.m.  It  is  important, 
bould  be  equal.  It  is  k 
hing  may  be  gained  in 
icpected  if  the  beat  loss 

1  speed.  The  reason  fo 
fith  increased  speed.  1 
>sses.  If  the  valves  are 
here  should  be  no  more 
nless  the  turbulence  is 
te  combustion. 

19  For  the  same  en] 
i  piston  speed  and  an  e< 
'he  old  idea  was  that 
icreased  directly  as  the 
as.  We  can  probably  i 
dhere  to  this  old  idea,  < 
'hat  too  simply.  We  t 
ortional  to  the  square 
tie  known  heat  loss  of 
irface-to-volume  ratio  i 
od  ^0,  respectively,  thi 
',  V,  and  N,  working  u 


20  This  might  be  c 
/  the  British  Institutio 
rnilar  proportions  but 
le  lai^est  one  ^  appea 
cperimental  engine  dea 
^in  dimensioriH  of  the; 
.hp.  developed  at  test, 

'  Clerk,  Gbh,  Petrol  and 
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21  For  these  three  engines  Dugald  Clerk,  who  was  a  member 
of  the  investigation  committee,  gives  the  following  as  the  most 
probable  values  of  the  indicated  horsepower  in  per  cent  of  total 
heat  supplied: 

Engine L  R  X 

I.hp.,  per  cent 31.8  33.7  34.7 

22  By  means  of  his  diagram  method  he  arrives  at  about  16 
per  cent  as  the  most  probable  average  value  of  the  cooling  loss 
during  the  expansion  stroke  for  the  X  engine.  Applying  Formula 
[1]  to  this  value  we  find  the  following: 

Engine L  R  X 

Figured  cooling  loss,  per 
cent 19.9  17.9  (16) 

Excess  over  16  per  cent 
as  figured 3.9  1.9 

Excess  from  i.hp.,  meas- 
ured        2.9  1.0 


TABLE  ft    DIMENSIONS  OF  ENGINES  TESTED  BY  BRITISH  INSTrfUTION  OF 

CrVIL  ENGINEERS 


Dcsicnation  of  •ngine 

Cylinder  diam.,  in 

Strok*.  in 

Ratio  of  strok*  to  bor« 

Clearance,  per  cent  of  total  volume 

Surface-to- volume  ratio,  sq.  ft.  per  cu.  ft. 

B.hp.  at  test 

R.p.m.  at  test 

Piston  speed  at  test.  ft.  per  min 


L 

R 

X 

5.502 

9.00 

M.M 

10.00 

17.01 

29.01 

1.82 

1.80 

1.17 

17.04 

18.02 

18  S9 

10.7 

f.St 

4.« 

5.2 

20.9 

52.7 

258.9 

20l.i 

185.8 

431 

577 

807 

23  It  must  be  admitted  that  the  agreement  is  about  as  good 
as  could  possibly  be  expected  with  engines  of  so  widely  vaiying 
dimensions.  The  agreement,  for  that  matter,  is  still  better  if  in* 
stead  of  Clerk's  values  for  the  indicated  horsepowers  we  adopt  these 
reported  by  the  C'ommittee  as  a  body.    These  are: 

Engine L  R  X 

I.hp.,  per  cent  of  heat...  .  31  32.9  34.8 

Diflferonco  from  value  for  -Y  3.8  1.9 

24  The  agreement  with  the  figured  values  is  almost  exact. 
Too  luucli  importance,  of  course,  should  not  be  attached  to  this  cloee 
agreement.    Yet,  in  the  absence  of  other  methods  of  figuring  oooling 
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where  22  is  in  square  meters  per  cubic  meter  and  Y  in  meters  per 
second,  or 

L  =  114  (CB/JV)  VT [41 

where  22  is  in  square  centimeters  per  cubic  centimeter  and  V  in 
meters  per  second. 

29  Finally  if  22  should  be  given  in  sq.  in.  per  cu.  in.,  which  is 
more  convenient  in  most  cases, 

L  =  3.2  (C22/iNr)  VT [6] 

where  Y  is  the  piston  speed  in  ft.  per  min.  as  is  customary. 

APPLICATION   OF  THE  COOLING-LOSS   FORMULA  TO   ACTUAL   CASES 

30  Influence  of  Absolute  Dimensions  on  Cooling  Losses.  Assume 
in  the  first  instance  that  the  piston  speed  does  not  vary.  Particu- 
lars of  series  of  such  engines  for  a  pbton  speed  of  1000  ft.  per  min. 
and  a  bore-to-stroke  ratio  of  1  :  1.5  are  given  in  Table  6. 

TABLE  6    ENGINES  WITH  PISTON  SPEED  OF  1000  FT.  PER  MIN.  AND  BTROKB-TO- 

BORE  RATIO  OF  13 


DiAintttr,  in 
Strokt.  in. . . 
R.p.m 


8 

10 

1ft 

so 

4.S 

15 

SS.5 

45 

1333 

400 

2e6 

in. 3 

1 

31  In  this  case  the  r.p.m.  varies  inversely  as  the  diameter,  and 
SO  does  the  surface  ratio.  Consequently  for  the  same  C,  L  is  constant. 
Thus,  as  far  as  the  formula  for  the  same  expansion  ratio  and 
same  maximum  temperature  goes,  the  cooling  losses  and  hence  the 
indicated  efficiency  of  these  engines  would  be  the  same  for  all  dimen- 
sions. Actually  in  order  to  avoid  cracking  of  the  metal,  the  cooliiiif; 
will  have  to  be  much  more  efficient  for  the  larger  engines.  If  they 
are  double-acting,  then  even  the  pistons  will  be  water-cooled.  Even 
so,  the  maximum  temperatures  and  maximum  pressures  will  have  to 
l)c  kept  down.  The  larger  engines  will  therefore  have  a  tendency 
to  be  rather  less  efficient  than  the  smaller  ones.  On  the  other  band, 
with  very  high  values  of  N  the  combustion  is  likely  to  consume  a 
large  part,  if  not  the  whole,  of  the  stroke.  In  many  cases,  in  fact, 
a  good  deal  of  the  combustion  will  take  place  in  the  exhaust  pipe. 
This  can  l>c  prevented  by  extremely  efficient'  carburisation 
ignition.  Yet,  on  the  whole,  the  likelihood  is  that,  with  the 
compression,  the  l)est  efficiencies  will  be  found  in  the  middle  of 
range.    This  would  seem  to^be  borne  out  by  experience. 
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36  The  cooling  loss  increases  regularly  with  increasing  stroke- 
to-bore  ratio.    The  absolute  magnitude  of  the  loss  is  smaU  and  the 
extreme  variation  changes  the  thermal  efficiency  by  only  4  per  cent. 
However,  this  4  per  cent  means  from  15  to  20  per  cent  saving  in  fuel- 
In  an  aeroplane  1  lb.  of  weight  would  be  saved  in  fuel  for  a  lO-hr. 
flight  for  every  hp.  of  the  engine  output.    This  is  not  negligible,  and 
will  count  more  and  more  as  longer  and  longer  flights  over  sea,  ov* 
over  enemy  territory,  are  attempted. 

37  It  might  be  thought  that  Table  7  does  not  really  represenfc- 

the  situation,  since  it  refers  only  to  losses  during  the  whole  stroke 

With  fuU-out  piston  the  surface-to-volume  ratio  may  be  less 
large  diameters  and  short  strokes.    The  combustion  space,  however 
will  become  more  and  more  disk-shaped  as  the  diameter  increases 
its  surface  ratio  will  be  great,  and  the  losses  during  combustion  con 
siderable.    However,  as  shown  in  Table  8,  R  for  the  clearance  b 
varies  but  slightly  in  the  opposite  direction  to  R  for  the  w 
cylinder. 

TABLE  8    VARIATION  OF  SURFACE-TO-VOLUME  RATIO  FOR  CLEARANCB 

OF  ENGINES  IN  TABLE  7 


-  < 


StrolM-to-bore  r»tio 

R  for  clearance,  sq.  ft.  per  cu.  ft. 


1  0 
18 


1.2 
17.7 


1.4 
17.3 


1.6 
17.1 


1.8 
17.1 


S.O 

17.0 


3.1 

17.8 


38  Influence  of  Varying  Stroke-to-Bore  Ratio  Consequent  on  Vi 
ing  Expansion  Ratio,    The  long  stroke  has  in  the  popular 
become  more  or  less  associated  with  high  thermal  efficiency.    Th»* 
reason  for  this  may  be  the  high  efficiency  attained  at  a  foreign  tes 
by  certain  motors  having  a  remarkably  long  stroke.    However, 
these  motors  the  long  stroke  was  connected  with  a  very  hi^ 
pansion  ratio. 

39  The  next  step  is  to  investigate  the  influence  of 
expansion  ratio  on  engines  of  the  same  output  and  the 
the  increase  in  expansion  being  brought  about  by  lengthening 
stroke.    With  increased  compression  and  increased  stroke  the  ou 
put  per  square  inch  of  piston  area  will  increase  for  the  same  nui 
of  revolutions.     To  obtain  equal  output  the  cylinder  HiAin^^ 
have  to  decrease  with  iiicrciised  expansion  ratio,  as  indicftted 
Tabic  9.     In  figuring  the  heat  losses  in  this  table  it  was 
use  Forinulfe  [2|  to  [6],  since  the  tcmi)erature  conditiooB 
longer  the  sjiine.    The  heat  losses  were  obtained  in  heat  unitB 
pound  of  ^riis,  not  as  percentages. 


^ 
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42    It  is  evident  that,  even  though  7  and  9  may  be  unusual  ex- 
pansion ratios  in  actual  engines,  we  can  never  hope  to  attain  brake 
efficiencies  as  high  as  those  in  Table  10.    In  arriving  at  these  effi* 
ciencies  no  use  has  l)een  made  of  the  calculated  cooling  losses;  we 
have  simply  taken  a  polytropic-expansion  exponent  equal  to  1.3 
and  assumed  that  all  heat  is  added  before  the  expansion  commences 
to  take  place.    This  is  the  way  efficiencies  are  usually  figured,  al- 
though in  combustion-engine  practice  the  procedure  is  mostly  vdled 
by  the  employment  of  mathematical  efficiency  formuke,  which  have 
very  little  to  do  with  actual  processes. 

TABLE  U    SHAFT  EFFICIENCY  AND  COOLING  LOSS  OP  ENGINE  OF  TABLE  • 
WITH  EXPANSION  RATIO  OF  5.  ASSUMING  ISOTHERMAL  EXPANSION 


IsotbannAl  expansion  work  (gas  constant  -  0.071) 

Fleat  added  between  ooinpression  temperature  (708  deg.  (ahr.,  375  deg. 

cent.),  and  max.  temp.  (C*  ->  0.225) 

Cooling  loas.  estimated 

Total  heat  supplied 

Compression  work  (exponent  ■■  1.3) 

Indicated  work 

Shaft  efficiency  (meoh.  eff.  —  0.85) 

Cooling  loss,  per  cent 


B.t.u.  per  lb. 


385 

496 

Itt 

1013 

104 

m 

0. 
15.5 


cy.p«kK- 


114 


43  Clerk  in  his  paper  before  the  Royal  Society  concludes  £ 
his  experiments  on  an  engine  running  at  only  160  r.p.m.  that 
combustion  is  proceeding  even  during  his  first  reexpansion,  i.e.,  af 
the  whole  normal  expansion  stroke  and  a  whole  intervening  oomp 
sion  stroke.    All  experiments  with  closed  vessels  show  gaseous  expl 
sions  to  take  certainly  not  less  than  4*9  sec,  and  this  only  with  ov 
rich  mixtures.    With  normal  mixtures,  it  takes  a  much  longer  tinx 
than  that  to  reach  the  maximum  pressure.    Turbulence  accderat 
combustion  verj-  much.    Yet,  such  direct  experiments  as  we  hair^ 
seem  to  show  tliat  with  normal  mixtures  even  a  turbulent  oombud^ 
tion  would  take  all  of  4^0  sec.    One-fortieth  of  a  second,  however,  is 
exactly  the  time  occupied  by  the  whole  expansion  stroke  of  an  enginf 
ruuiiiiig  at  1200  r.p.m.    We  have  then  absolutely  no  reason  to  aasume 
that  the  combustion  is  complete  before  the  expansion  oommenoes. 
In  the  series  of  engines  just  considered  it  is  far  more  reascHiable  to 
assume  that  it  continues  during  the  whole  expansion  stroke. 

44  Assuming  this  we  might  approach  the  conditions  actually 
obtaining  by  figuring  with  an  isothermal  expansion.    During  such 
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ever,  is  not  cooling 
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prerequisites  are  exti 
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turbulence  during  go 

46  It  would  hai 
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KquatioE 

1  [1],  of  Par. 

H 

=  stroke  in 

c 

=■  stroke  / 

N 

=  r.p.m. 

V 

=  2sJV  =  p 

K 

=  ratio  of  t 

Then 

R  = 

surface  _ 

volume 
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Substituting  in  Equation  [1], 
L  =  U 


sK 


2+_4coKo 


ATo      /  2  .sAT  Y«  _ 


2  +  icK 

K 
2  +  4ci>go 

K„ 


iW 


If  we  assume  that  the  two  engines  have  the  same  clearances  and 
the  same  compression  ratios  and  that  K  =  Ko,  and  that  they  have 
the  same  ratio  of  stroke  to  diameter  and  that  c  ^^  Co,  then  Ekiuation 
[1]  reduces  to 

in  B.t.u.  per  unit  weight  of  gas  used;  that  is,  that  for  the  same 
ratio  of  stroke  to  diameter  and  the  same  compression  ratio  in  the 
two  engine  cylinders,  and  for  equal  weights  of  gas  used,  the  loss  is 
inversely  proportional  to  the  square  root  of  the  ratio  of  the  piston 
speeds. 

Attention  should  be  called  to  the  leanness  of  the  mixture  which 
formed  the  burnt  gases  given  in  Par.  11  and  to  the  low  average 
temperature  of  the  wall  surrounding  the  combustion  space. 

The  fallacy  of  the  hypothetical  assumption  made  in  Par.  42 
shown  by  the  continuity  of  the  combustion  during  the  stroke  as 
shown  by  the  continuity  of  the  flame  during  the  stroke  and  aft 
the  opening  of  the  auxiliary  exhaust  port,  and  also  by  the  tempera — 
ture  of  the  gases  in  the  cylinder  as  measured  by  the  electric 

With  reference  to  the  drop  in  temperature  in  the  exhaust 
and  pipe,  it  is  well  known  to  experimenters  that  the  drop  is  very  nfi 
and  apparently  much  more  rapid  in  most  commercial  engines 
the  figures  given  for  the  engine  cxj)erimented  with  by  Prof 
( 'oker  would  indicate. 

As  to  the  heat  given  to  the  exhaust  passages  of  an  engine, 
results  of  a  number  of  runs  made  with  the  14-in.  by  18-in. 
acting  tandem  Buckeye  gas  engine,  using  natural  gas,  in  the  M 
ical  Knginecring  Laboratory  of  The  Ohio  State  University,  sb' 
that  with  total  jacket-water  losses  ranging  from  24.9  to  35.6  per 
depending  on  the  load,  at  full  load  38  per  cent  went  to  the 
barrels,  22.9  i)er  cent  to  the  cylinder  heads,  20.6  per  cent  to 
pistons,   13.7  i)er  cent  to  the  exhaust-valve  seat  and  boxes, 
only  4.9  per  cent  to  the  exhaust  valves  and  their  stems. 

Louis  Illmkk  (written).    The  o|>oning  statement  of  the 
that  a  great  ])art  of  the  heat  lods  in  an  internal-combustioD 
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speed  this  ratio  as  used  by  the  author  leads  to  an  excessive  rate  of 
heat  loss. 

The  last  factor,  Fy  is  a  surface  factor.  To  arrive  at  a  consistent 
value  for  the  equivalent  effective  cooling  surface  in  an  exfdosive 
gas  engine,  a  certain  portion  of  the  bore  surface  must  be  added  to 
that  of  the  clearance  space. 

According  to  the  formula  given  above,  the  influence  of  the  sur- 
face factor  should  not  be  taken  directly  proportional  to  F  but  rather 
as  a  function  of  F*. 

Heat  flow  in  high-speed  internal-combustion  engines  is  a  complex 
phenomenon  and  it  does  not  appear  that  very  satisfactory  practical 
conclusions  as  regards  the  best  stroke-to-bore  ratio  can  be  deduced 
from  experiments  with  intermittent  explosions  in  a  closed  vessel. 
since  these  lack  the  all-important  element  of  changing  surfaces  and 
the  repeated  temperature  applications  due  to  the  reciprocating  piston 
movement. 

Furthermore,  as  is  quite  fully  shown  in  my  paper  on  Heat- 
Flow,  the  temperature  assumed  by  the  cylinder  bore  of  an  engine 
is  an  extremely  important  matter  to  the  designer  in  fixing  the  limit- 
ing engine  speed.  In  case  certain  very  definite  bore  temperatures 
are  exceeded,  piston  lubricating  troubles  will  be  sure  to  follow. 

When  working  in  an  uncertain  domain  of  this  kind,  my  research 
ex[)erience  has  led  to  the  conclusion  that  a  study  of  speed  limita- 
tions in  existing  engines  offers  a  far  more  promising  basis  for  deter- 
mining the  rate  and  effect  of  heat  flow  through  cylinder  walls  than 
does  the  author's  method,  which  reUes  upon  a  series  of  disputable 
assumptions  which  may  or  may  not  accord  with  practice. 

It  is  thought,  therefore,  that  reliable  data  regarding  the  laws  of 
heat  flow  can,  for  the  present  at  least,  be  most  readily  deduced  from 
a  research  study  of  conditions  identical  with  those  met  with  in  the 
actual  operation  of  gas  and  oil  engines.  After  the  laws  underlying  heat 
flow  are  firmly  established  and  thoroughly  understood,  their  applica- 
tion  to  scientific  engine  design  is  a  relatively  simple  matter. 

O.  C.  Berry  ^  (written).  I  am  pleased  to  see  that  the  paper 
calls  attention  to  the  common  error  of  considering  that  a  larger 
engine  should  be  more  efficient  than  a  smaller  one.  I  do  not  agree, 
however,  with  the  conclusions  drawn  relative  to  the  influence  on  the 
cfliciency  of  an  engine  of  changing  its  stroke-to-bore  ratio. 

>  Asrtuciute  Professor  of  Giis  and  Automotive  Engineering,  Purdue  Uni^renitj, 
Lafayettts  I  ml. 
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works.  Except  as  modified  by  these  and  like  causes,  the  heat  loss 
will  vary  directly  as  the  square  inches  of  equivalent  cooling  surface. 
This  may  be  expressed  in  the  form  of  an  equation  that  will  take  the 
place  of  Equation  [1]  as  given  by  the  author. 

Let  Lo  =  calories  jacket  loss  per  pound  of  a  given  fuel,  P  » 
pounds  of  fuel  used  per  minute,  and  S  =  equivalent  cooling  surface, 
sq.  in.    Then 

L  =  LoX  "o"  X  -p- 

This  relation  will  have  almost  no  bearing  upon  the  stroke-to4x>re 
ratio. 

Applying  this  idea  to  the  seven  engines  of  equal  cylinder  volume 
and  varying  stroke-to-bore  ratios  referred  to  in  Table  7,  the  results 
will  be  as  given  in  Table  12.    This  shows  that,  within  these  limits, 

TABLE  12    ENGINES  WITH  EQUAL  VOLUMES  BUT  VARYING  STROKE-TO-BORS 

RATIOS 


Ratio,  stroke  to  bore 

Diameter,  in 

Stroke,  in 

Combustion-ohamber  surface,  sq.  in. , 
Cylinder-wall  area,  sq.  in 


Eqmvalent  cooling  surface,  sq.  in 95.6 


1 

1.2 

5.3 

6.0 

5.3 

6.0 

66.2 

62.8 

88.2 

94.2 

95.6 

94.2 

I 


1.4 

4.74 
6.63 
60.0 
98.6 
92.8 


1.6 
4.53 

7.25 
58.0 
103.0 
90.1 


'      4.35 

7.81 
i    56.4 

!  106.8 

I    92.0 

i 


I 


3.0 
4.S 
8.4 

66.4 

110.8 

n.i 


I 


2.6 
i.i 

t.75 
».% 

lit  • 

n  • 


changing  the  stroke-to-bore  ratio  has  yery  little  effect  upon  the  jacket 
losses.  A  ratio  of  about  1.6  is  the  very  best  from  this  point  of  view, 
in  so  far  as  there  is  any  choice  at  all.  This  will  be  found  to  oorre- 
spond  to  actual  experience.  Well-designed  engines  of  similar 
and  speed,  having  the  same  compression  ratio  and  using  the 
fuel,  will  not  be  found  to  vary  in  efficiency  or  in  the  percentage  of 
heat  lost  in  the  cooling  water  according  to  their  stroke-to-bore  ratio. 
The  choice  of  this  ratio  is  governed  entirely  by  other  consideratioDS. 


H.  M.  (^HANE  ^  (written).  Most  of  the  experimental  woric  of 
the  Simplex  Automobile  Company  and  the  Wright-Martin  Aircraft 
Corporation  has  been  done  on  engines  of  relatively  high  speed.  I 
have  had  the  feeling  that  in  engines  of  this  kind,  where  rapid  devdop- 
inent  is  necessary,  that  an  attempt  to  determine  the  distribution  of 
iicat  losses  is  practically  out  of  the  question,  and  that  the  best  re- 
sults can  l)c  obtained  by  experimenting  almost  entirely  in  overall 
effirioncv. 

>  Viire-Pro.siileut,  Wright-Martin  Aircraft  Corporation,  New  BniDBwick,  N.  J. 


DISCUSSION  76'« 

The  paper  does  not  go  into  the  difficulties  of  multi-isylindeT 
engine  construction,  whicH  are  of  course  of  the  greatest  possible 
importance,  the  reason  being  that  to  secure  large  power  witii  light 
weight  the  best  results  have  been  so  far  obtained  with  at  least  six 
cylinders  and  usually  a  still  greater  number.  Where  a  considerable 
number  of  cylinders  are  used,  the  question  of  loss  of  heat  to  the 
cylinder  widls  is  not  usually  as  difficult  as  that  of  supplying  an  abso- 
lutely uniform  mixture  of  air  and  fuel  to  each  cylinder.  It  is  obvious 
that  if  this  is  not  done,  no  really  high  efficiency  can  be  expected,  as 
only  part  of  the  cylinders  can  then  operate  at  maximum  effidenoy. 
The  results  of  our  development  work  have  indicated  that  eng^es  of 
moderate  propcniions  can  be  expected  to  give  the  best  all-round 
results,  and  that  extremes  in  cylinder  sises,  in  stroke-to-bore  ratio 
and  in  valve  timing  are  apt  to  result  in  greater  weight  and  reduced 
efficiency  of  operation.  This  seems  to  confirm  the  author's  con- 
clusions. 

We  have  obtained  interesting  comparative  results  between  our 
two  types  of  8-cylinder  aviation  engines,  the  smaller  being  of  120 
mm.  bore  and  130  mm.  stroke,  and  the  larger  of  140  mm.  bore  and 
150  mm.  stroke.  The  larger  engine  has  always  shown  a  slightly 
higher  mean  effective  pressure  than  the  smaller  engine,  but  has 
never  been  able  to  equal  the  low  gasoline  consumption  of  the  smaller 
engine.  The  smaller  engine  also  can  be  operated  at  somewhat 
higher  temperatures,  although  it  still  develops  its  high  efficiency  at 
as  low  temperatures  as  those  under  which  the  larger  engine  is  oper- 
ated. It  would  then  appear  the  smaller  engine  is  obtaining  its 
efficiency  with  a  probably  greater  proportionate  loss  of  heat  to  the 
cylinder  walls.  The  explanation  would  seem  to  be  then  that  the 
difference  is  due  to  reduced  efficiency  of  combustion  in  the  larger 
engine  and  results  from  variations  of  the  mixture  in  different  cylin- 
ders or  a  less  complete  mingling  of  air  and  fuel. 

Lawford  H.  Fry  (written).  The  author  offers  a  formula  for 
the  loss  of  heat  by  gas  in  the  cylinder  of  an  internal-combustion 
engine  which  is  attractive  by  reason  of  its  simplicity,  but  until 
further  experimental  evidence  is  offered  there  must  be  considerable 
doubt  as  to  whether  a  formula  of  so  simple  a  character  can  express 
accurately  the  complex  process  involved. 

In  a  study  of  the  loss  of  heat  by  a  gas  flowing  through  a  flue, 
presented  to  the  Society  last  year  (Trans.  Am.Soc.M.E.,  vol.  39, 
p.  709),  the  present  writer  showed  that  the*amount  of  J  heat  given  up 
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by  the  gas  in  its  passage  through  the  tube  depended  on  the  following 
factors: 

1  Initial  temperature  of  the  gas 

2  Temperature  of  the  flue  wall 

3  Mean  hydraulic  depth  of  the  flue 

4  Time  that  each  particle  of  gas  takes  to  pass  through  the  flue 

5  Weight  of  gas  passed  over  each  square  foot  of  tube  surface. 

It  appeared  that  the  linear  speed  of  the  gas  does  not  have  the 
effect,  often  ascribedfto  it,  of  accelerating  heat  transfer  by  increasing 
the  rubbing  or  scrubbing  action  of  the  gas  on  the  flue  wall.  The 
linear  speed  has  a  controlling  influence  on  the  rate  of  heat  transfer 
but  this  influence  is  due  to  the  fact  that  factors  4  and  5  depend  on 
the  speed  of  gas  flow.  The  rate  of  flow  in  a  given  flue  determines 
the  time  that  each  particle  of  gas  remains  in  the  flue  and  also  the 
number  of  particles  of  gas  which  pass  over  each  unit  of  area  of  the 
flue  surface. 

Now  if  linear  gas  speed  per  se  does  not  affect  the  rate  of  transfer, 
there  is  a  great  similarity  between  heat  transfer  from  a  flowing  gas 
and  heat  transfer  from  gas  in  a  closed  vessel.  By  analogy  with  the 
flowing  gas  it  would  be  expected  that  the  enclosed  gas  would  have 
the  rate  of  heat  transfer  determined  by  the  following  factors: 

1  Initial  temperature  of  gas 

2  Temperature  of  cylinder  wall 

3  Mean  hydraulic  depth  of  cylinder,  i.e.,  volume  divided  by 

surface 

4  Time  gas  is  enclosed  in  cylinder 

5  Weight  of  gas  per  unit  of  cylinder  surface. 

The  author's  formula  includes  these  factors  but  combines  them 
in  simple  powers,  while  the  flowing-gas  formula  shows  that  an  elab- 
(H-ate  exponential  relation  exists  between  them.  It  is  thought  that 
the  examination  of  further  experimental  data  as  such  becomes  avail- 
able will  show  the  necessity  for  a  more  elalx)rate  formula  for  the 
enclosed  gas.  For  example,  take  the  author's  assumption  that  the 
amount  of  heat  transferred  from  gas  to  cylinder  is  directly  propor- 
tional to  the  time  of  stroke,  that  is,  to  the  time  the  gas  is  in  contact. 
Tliis  is  obviously  incorrect.  The  rate  of  cooling  is  dependent  on 
the  temperature  difference  l>etwcen  gas  and  cylinder  wall.  As  coo- 
tact  l)etwcen  gas  and  cylinder  continues  the  temperature  diflference 
decreases  and  consequently  the  rate  of  transfer  decreaaeB.  It  tcl* 
ows  that  in  each  succeeding  instant  of  time  less  and  leas  heat  will 
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>iiiplexities  l)y  the  introduction  of  a  variable  factor,  C,  in  Formula 
i]y  based  entirely  on  experimental  data  from  the  most  careful  tests 
vith  which  he  is  acquainted  —  those  of  Dugald  Clerk.  Clerk  gives 
ohe  cooling  loss  in  his  engine  expressed  as  equivalent  temperature 
drop  during  the  whole  expansion  stroke,  plotted  against  mean  tem- 
perature during  the  stroke.  The  factor  C  is  simply  the  equivalent 
temperature  drop  transformed  into  B.t.u.  per  pound  of  gas.  This 
C,  then,  contains  and  allows  automatically  for  — 

1  The  temperature  variation  during  the  stroke 

2  The  volume  variation  during  the  stroke 

3  Differences  in  temperature  of  combustion  and  expansion,  at 

least  for  conditions  not  differing  too  much  from  those  of 
the  experimental  engine. 

For  conditions  differing  widely,  for  instance,  with  regard  to  com* 
pression  ratio  or  with  regard  to  rapidity  of  combustion,  conaider- 
able  errors  in  C  may  occur.  The  question  is.  Would  it  be  poaoible 
to  evolve  any  manageable  formula,  give  any  set  of  practical  con- 
stants, where  the  same  would  not  l>e  true?  The  author  feels  that 
very  much  additional  experimentation  is  necessary,  especially  witb 
regard  to  kerosene  engines  and  high-speed  engines  generally.  His 
own  deliberations  on  this  part  of  the  subject  he  considers  m^rdy 
as  a  more  or  less  plausible  guess. 

While  it  is  true  that  the  major  part  of  the  cooling  losses  occur  at 
the  beginning  of  the  stroke,  it  is  not  true  as  a  general  proposition 
that  the  jacket  losses  in  the  exhaust  passages  are  not  worthy  of 
being  corrected  for.  In  the  case  of  the  Clerk  experimental  engine 
they  were  36  per  cent  of  the  total  loss;  in  the  Buckeye  engine  men- 
tioned by  Professor  Magruder,  18.6  per  cent;  in  an  engine  examined 
by  Gibson  and  Walker,  from  8  to  12.5  per  cent.  A  priori  there  is 
every  reason  to  assume  that  they  are  high  in  high-speed  engines 
with  greatly  delayed  combustion.  These  losses  do  not  occur  during 
the  working  stroke  and  should  not  l)e  subtracted  from  the  figured 
expansion  work  of  the  engine.  If  efficiency  is  estimated  simply 
from  overall  heat  balances,  then  it  makes  no  difference  whether  this 
part  of  the  jacket  loss  is  charged  as  exhaust  loss  or  as  jacket  loss. 
In  analyzing  what  happens  during  the  expansion  stroke,  however, 
this  loss  must  not  be  chargc<l  as  energy  disappearing  into  the  cylinder 
walls. 

Putting  cooling  loss  proiK)rtional  to  the  square  root  of  the  piston 
speed  was,  to  begin  with,  simply  done  ''for  luck."    It  was  designed 
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13  the  Commissioner. 

Presented  at  the  Am 
Society  of  Mechanical 
GiSEERiNO,  January,  1919, 
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are  here  given.    The  translation  of  the  Spanish  names  is  almost  self- 
apparent,  but  the  following  are  given: 

Onza  Ounce  Pulgada  Inch 

Libra  Pound  Pie  Foot 

Tonelada  Ton  Vara  Yard 

Cuartillo  Quart 

4    The  Portuguese  names  are  so  similar  that  their  meanings  will 
136  apparent. 

SPANISH  WEIGHTS  AND  MEASURES 

Weight 


16  onzas 

-  lUbra 

251ibras 

=  1  arroba 

4  arrobas 

»  1  quintal 

20  quintales 

==  1  tonelada 

Dry   Measure 

4  cuartillos 

=  1  celemin 

12  celemins 

«  1  f  anega 

12  fanegas 

=  1  cahiz 

Liquid  Measure 

4  cuartillos 

=  1  azumbre 

8  azumbres 

»  1  cantara 

16  cantaras 

=  1  moyo 

Length 

12  pulgadafl 

=  1  pie 

3  pies 

—  1  vara 

UNIFICATION  OF  ENGLISH  AND  SPANISH  WEIGHTS  AND  ICBASURES 

5  With  slight  differences  in  the  values  of  the  units,  this  system 
is  substantially  identical  with  our  own.  With  suitable  foresight  and 
effort  the  two  might  have  been  unified  long  ago. 

6  The  chief  difficulty  in  the  adoption  of  the  metric  systan  in 
Iiatin  America  has  been  and  is  the  psychological  difficulty  —  that  is, 
learning  to  think  or  visualize  values  in  strange  units.  In  this  sense 
the  difficulty  of  adopting  the  English  values  of  the  units  would  have 
been  nil  for  there  would  have  been  too  little  change  in  values  to  cause 
confusion  of  thought,  while  in  names  there  would  have  been  nme. 

7  Meanwhile  the  still  greater  difficulty  in  our  own  case  —  the 
ph>^ical  difficulty  due  to  the  anchorage  of  units  in  standardised 
manufacture  —  was  and  is  absent  in  Latin  America  where  but  little 
manufacturing  is  done.  The  difficulties  in  the  way  of  adopting  the 
English  values  of  the  units  thus  were  and  are  trifling  in  oomparison 


with  those  in  the  wa 
process  would  have  I 
reduced  to  one,  and, 
reduced  to  one,  for  tl 
ences  of  value  in  difi 
system,  on  the  othei 
units  being  added  to 
S  The  ease  witl 
have  been  adopted  i 
have  made.  With 
recoguition,  they  ha 
forces  of  trade  and  o 
metric  units  have  no 

9  The  remainin 
for  land  measure,  y 
think  not,  for  cond 
America.  It  must  b 
that  the  attempt  t* 
weights  and  measun 
which  a  remedy  is  so 
and  retain  the  old  h 
so  slight  as  to  be  ina 
in  this  important  fie 
unification  of  the  we, 
with  those  of  the  Bri 

10  It  is  especial 
the  present  century 
in  Spanish  America. 
those  countries  as  tl 
purposes  and  railway 
measures  without  mc 
is  due  to  German  in 
probable,  German  in 
is  it  too  much  to  ho[ 
weights  and  measuri 
Empire  on  the  founc 
toric  features,  is  coir 

11  Meanwhile  v 
-America.  A  glance 
practice  of  selling  g 
veight,  the  arroba  an 
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12  Our  clumsy  efforts  to  connect  the  bushel  and  pound  through 
conversion  factors  are  the  cause  of  much  confusion*  which  would 
disappear  were  we  to  copy  this  practice,  and,  incidentally,  deprive 
the  metricites  of  a  false  argument  which  is  on  all  their  lips,  and  which 
the  unthinking  know  no  better  than  to  accept.  The  unit  for  this 
purpose  should  be  the  quintal  of  100  lb.  —  a  name  which  is  pref- 
erable to  hundredweight  as  it  avoids  confusion  with  the  British 
hundredweight  of  112  lb. 

GENERAL  ANALYSIS  OF  RESULTS 

13  The  effort  to  learn  the  relative  usage  of  the  different  systems 
has  not  been  successful.  When  one  return  gives  exclusive  use  of  the 
metric  system  for  a  given  purpose  and  another  exclusive  use  of  the 
Spanish  system  for  the  same  purpose,  discrimination  is  impossible. 
The  thing  here  proven  is  that  the  claim  that  Latin  America  is  metric 
is  false,  as  are  all  arguments  based  upon  it.  In  particular,  it  should 
be  noted  that  the  order  in  which  the  units  are  herein  named  has  no 
significance. 

14  In  but  one  of  the  countries  investigated  (Uruguay,  which  see 
below)  can  the  metric  system  be  said  to.be  adopted  for  domestic 
trade,  while  there  we  find  an  authorized  official  exception  in  the  case 
of  real  estate,  as  we  find  other  exceptions  in  the  cases  of  wearing 
apparel,  industry  and  navigation.  Nevertheless,  in  twelve  of  these 
twenty  countries,  according  to  the  Director  of  the  Bureau  of  Stand- 
ards, the  metric  system  is  "obligatory."  * 

15  In  ten  of  these  countries  (apart  from  the  railroads  and  other 
fields  under  immediate  government  control)  the  metric  system  has 
made  very  little  impression.  (Nicaragua,  Guatemala,  Spanish 
Honduras,  Cuba,  Panama,  Colombia,  Porto  Rico,'  San  Salvador, 
Ecuador,  and  Costa  Rica,  which  see  below.) 

'  It  should  be  noted  that  the  adoption  of  the  metric  system  would  not  do  away 
with  this  confusion  since  wheat,  com,  rye,  etc.  do  not  weigh  the  same  per  deca- 
liter any  more  than  they  do  per  bushel.  The  sale  of  these  and  similar  oommodi- 
t  irs  by  weight  is  the  simple  and  sufficient  method  of  abolishing  all  the  twwrfwi«i 
now  experienced  in  this  branch  of  trade. 

*  Sec  The  Metric  System  in  Export  Trade  by  the  Director  of  the  Bureau  of 
Standards,  page  17;  Senate  Document  No.  241,  Government  Printing  Office, 
IOU>. 

'  Porto  Hico  is  alwa3rs  claimed  by  the  metricites  to  be  metric  Tliuii  a^ 
cording  to  Mr.  Fred  R.  Drake,  Chairman  Executive  Committee,  Ameriean 
Metric  Association,  '*The  meter,  liter  and  gram  continue  to  prove  most  aatb- 
factory  in  official  and  general  \h^  in  the  Philippine  Islands,  Porto  Rioo  and  oUier 
United  States  possessions." 


16  Of  theae  te 
the  metric  system 
(Cuba,  Colombia,  '. 
which  see  below)  1 
metric,  having  largi 
them,  according  to 
"obhgatory."  No 
large  use,  but  the  a 
to  make  them  equi 
In  substantially  aU 
is  used  for  mechani 
used  for  navigatioi 
English  units  —  the 
the  seas  and  they 
measure  at  sea. 

17  In  all  count 
the  severity  of  the 
(see  Uruguay  below 
In  all  cases  the  m< 
impression  that  the 
thing  to  bring  about 
but  even  these  ha 
progress  has  been  m 
weights  and  measur 
law, 

18  It  is  this  fiel 
One  may  tour  throui 
years,  in  many  waU 
weights  and  measurt 
why  the  reports  of  1 
than  the  facts  justif; 
in  a  comprehensive 

19  The  further 
system  used.  In  th 
and  capacity,  the  n 
commonly  the  vara 
commonly  sold  by  t 
at  least  as  much  as 
quently  made  to  nui 
of  units  is  not  appai 

20  In  primary 


778  WEIGHTS  AND  MEASURES  OF  LATIN  AMERICA 

although  these,  in  some  cases,  have  been  adjusted  in  value  to  make 
them  even  multiples  of  English  basic  units.  We  have  here  perfect 
examples  of  the  simple  process  of  unification  of  English  and  Spanish 
measm-es  which,  with  proper  encouragement,  might  by  this  time  have 
become  substantially  universal. 

21  Lumber  and  timber  are  almost  universally  sawn  to  the  inch, 
although  frequently  mixed  with  the  vara  or  the  meter  for  length,  and 
the  square  and  cubic  meter  as  sales  units,  prices  being  made  at  so 
much  per  square  or  cubic  meter  for  one-inch  boards. 

22  In  the  mechanical  trades  tailors  and  seamstresses  use  all 
three  systems,  as  do  stone  and  brick  masons,  while  carpenters  com- 
monly use  the  pulgada  or  inch.  In  machine  shops  both  l^^gligh 
and  metric  units  are  used,  depending  chiefly  on  the  country  of 
origin  of  the  machines  they  have  to  repair.  The  inch  is  predomi* 
nant. 

23  In  this  connection  we  have  the  report  of  the  Cleveland  Twist 
Drill  Company  that  shipments  of  their  tools  to  South  America  are 
"95  per  cent  to  100  per  cent  English,"  and  of  the  Detroit  Twist  DriD 
Company  that  "All  of  our  South  American  customers  use  more 
fkiglish  sizes  than  metric."  Needless  to  say,  English-sized  twist 
drills  are  bought  in  order  to  make  English-sized  holes,  for  they  will 
make  no  other. 

24  In  ship  and  boat  building,  also,  the  English  units  find  large 
use,  while  in  mining  and  smelting  we  find  a  miscellaneous  mixture  of 
all  three  systems. 

25  The  persistence  of  old  units  is  most  pronounced  in  the 
measurement  of  land.  When  units  of  measure  are  once  anchored  in 
titles  to  real  estate,  they  are  there  to  stay.  Of  this  we  have  perfect 
examples  in  the  use  of  the  French  arpent  in  Louisiana  and  the 
Spanish  vara  in  Texas,  in  which  states  those  units  are  today  the 
common  units  of  land  measure.  Another  example  is  found  in  France, 
where,  in  some  sections,  the  old  units  of  land  measure  are  stiO 
predominant. 

26  When  outlying  districts  are  incorporated  within  city  limits, 
parcels  of  land  are  much  reduced  in  size  and  smaller  units  come 
in.  This  gives  an  opportunity  for  the  introduction  of  the  metric 
system,  but  with  the  result  that,  in  the  older  portions  of  the  town, 
the  old  units  are  used,  while  in  the  newer  portions  we  find  the  new 
ones. 

27  Similarly,  initial  surveys  of  the  hinterland  give  an  oppor^ 
timity  for  the  use  of  new  units,  but  again  with  the  result  that  the 
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35  The  third  theory  is  that  the  metric  S3rstem  is  in  univenal 
use,  except  in  the  United  States,  the  British  Empire  and  Russia. 
These  reports  show  that  in  no  country  investigated  is  the  system 
universal. 

36  The  fourth  theory  is  that  we  must  adopt  the  metric  system 
if  we  are  to  succeed  in  selling  goods  to  Spanish  America.  These 
reports  show  that  if  we  are  to  change  our  weights  and  measures  in 
order  to  conform  to  the  practice  of  Spanish  America,  we  should  adopt 
the  Spanish  and  not  the  metric  sjrstem. 

37  The  fifth  theory  is  that  the  "adoption"  of  the  metric  system 
leads  to  an  important  saving  of  time  in  primary  education.  Clearly, 
with  a  mixture  of  systems  in  use,  children  have  more  and  not  leas 
to  learn. 

38  The  sixth  theory  is  that  the  adoption  of  the  metric  system 
leads  to  a  saving  of  time  in  calculations.  Clearly,  with  this  mixture 
of  systems  in  use,  involving  the  constant  necessity  for  conversions 
between  them,  the  labor  of  calculations  is  increased  and  not  reduced. 
For  example,  consider  the  purchase  at  wholesale  by  the  meter  and 
the  sale  at  retail  by  the  vara. 

39  The  seventh  theory  is  that  the  persistence  of  old  units  in 
metric  countries  is  a  persistence  of  names  but  not  of  things  —  that 
the  practice  is  nothing  more  than  the  use  of  old  names  for  new  units. 
One  of  the  most  recent  formal  statements  of  this  theory  is  by  Dr. 
William  C.  Wells,  Chief  Statistician  of  the  Pan-American  Union,  who 
says  (Bulletin  of  the  Pan-American  Union,  January  1917) : 

It  has  been  found  somewhat  difficult  in  countries  adopting  the  metric  scale 
to  do  away  with  the  names  of  the  most-used  measures  such  as  yarda,  quarta, 
pounds,  miles  etc.,  or  rather  of  the  equivalents  of  those  English  words  in  the 
language  of  the  country  adopting  the  metric  system.  ...  It  has  been  found  very 
oasy  to  substitute  the  thing,  although  sometimes  difficult  to  substitute  the  word. 
.  .  .  Scjircoly  a  vestige  of  the  old  system  is  left  in  any  country  that  adopted 
the  metric  system.  Now  and  then  in  Latin- American  countries  one  will  hear 
the  old  words,  but  almost  always  with  a  meaning  adapted  to  the  new  scale. 

40  These  replies  are  sprinkled  with  such  expressions  as  these: 

''Same  as  in  the  United  States."  "English  sises."  "For  distanoe,  the 
English  mile."  "English  and  metric  system."  "French  and  American  india- 
criininatoly."  "Thickness  of  lumber  is  always  in  English  inches."  "Metric 
system  infrequently."  "The  two  standards  are  used  indiscriminately."  "The 
meter  is  used  very  little."  "The  artisans  of  the  country  use  in  their  caloulatiooa 
the  Spanish  vara  as  thoir  standard."  "  Our  standard  of  weight  is  the  quintal  of 
100  Spanish  pounds."  "The  pco])le  continue  to  use  the  old  Spaniah  measures." 
"At  retail,  vara;  at  wholesale,  yard,  meter."    "While  the  metric  qfBtem  ia  lefsl 
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From  Argentina:  Va 
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From  Nicaragua:  Va 
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From  Ecuador:  Var 

From  Guatemala:  ^ 
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From  Mexico:  Vara 
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From  Veneiuela:  ^ 
meter;  libra,  460  grams; 

From  Honduras:  Va 

From  Braail;  Libra, 
3.586  grams;  quartilho, 

From  Peru:  Vara,  8 
meters;   quintal,  46  kilo) 

From  Chile:  Quints 
for  firewood),  6  pies  X  3 

42  More  might  1 
are  sufficient.  Not  ■ 
a  single  item  to  su) 
Ko  proof  of  it  has  evi 
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43  The  eighth  t 
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this  theory  can  be  found  in  these  papers,  no  single  example  of  this 
practice  being  found  therein.  Articles  manufactured  to  the  inch 
(wearing  apparel,  pipe,  lumber,  etc.)  are  uniformly  sold  by  the  unit 
to  which  they  were  made. 

THE  RESULT  OF  A  GREAT  SERIES  OF  EXPERIMENTS 

44  We  have  in  this  Report  a  composite  picture  of  the  result  of 
many  attempts  to  adopt  the  metric  system,  that  result  being  uni- 
formly the  addition  of  that  syBtem  to  those  previously  prevailing, 
and  it  is  this  that  we  must  contemplate  as  the  result  of  the  attempt 
to  adopt  it  here.  We  must  compare  what  we  have  with  what  we  will 
get,  not  with  what  one  may  hope  we  will  get.  Moreover,  it  must  be 
noted  that  had  all  these  countries  succeeded  in  this  great  experiment, 
it  would  have  no  significance  for  our  guidance,  because  of  the  greater 
importance  of  our  manufacturing  industries.  France  adopted  the 
system  before  the  beginning  of  the  manufacturing  era,  and  Germany 
adopted  it  before  the  development  of  manufacturing  in  that  countiy. 
Everyone  knows  that  the  rise  of  Germany  as  a  manufacturing  nation 
began  after  the  war  of  1870.  South  American  countries  are  not 
manufacturing  countries.  More  manufacturing  is  done  in  the  city 
of  Philadelphia  than  in  all  South  America. 

45  We  see  then  that  in  western  Europe  the  system  was  adopted 
before  the  development  of  manufacturing  and  that  manufacturing 
has  developed  with  and  in  it,  while  in  South  America  practically  no 
manufacturing  is  carried  on. 

46  Great  Britain  and  we  are  the  first  to  be  asked  to  change 
our  manufacturing  units,  for  which  there  is  not  a  shadow  of  a 
precedent. 

47  Seldom  has  an  effort  of  such  magnitude  been  made.  We 
have  here  a  record  of  twenty  experiments  on  a  national  or,  collectively, 
a  continental,  scale,  and  their  net  result  is  to  demonstrate  the  wisdom 
of  the  conclusion  arrived  at  by  John  Quincy  Adams  after  four  years 
of  investigation  and  nearly  a  century  ago: 

The  Kuhstitution  of  an  entire  new  sydtem  of  weight  and  measures  iniitfiail 
of  one  long  cstablisheil  and  in  general  use,  is  one  of  the  most  arduous  exercises 
of  legislative  authority.  There  i><,  iiuUvd,  no  difficulty  in  enacting  and  pranul- 
gating  the  law,  but  the  difficulties  of  carr>'ing  it  into  execution  are  always  greal 
and  have  often  proved  insuperable. 

The  legislator  .  .  .  fuiishes  by  increasing  the  diversities  which  it  was  his 
intejition  to  abolish,  and  by  loading  his  statute  boolcs  only  with  the  impolenee 
of  authority  and  the  uniformity  of  confusion. 


It  13  to  protect  our  o 
we  are  fightmg. 


48  Some  who  n 
the  conditioQ  discloa 
i3  no  reason  why  anj 
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have  been  repeated  s 
have  been  accepted  8 
is  no  proof.  On  the 
who  know  the  gigai 
nation  which  seta  ou 
abilities  are  all  in  fa' 
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APPENDIX 

ARGENTINA 

(Summary  of  eleven  returned  queetiomudree) 

Qroc€r%M:  Kilogram,  liter,  pound.  FruiU:  Kilogram.  Ifttt:  Lh«r.  BuUar  m^  Ckmm: 
Kilogram.  (Hktr  Farm  ProdueU:  Kilogram,  liter.  Hardwan:  IQlogram,  mntinnf^.  toek, 
meter,  yard.     Fith:  Kilogram.    Meat:  Kilogram.    Flour:  Kilogram.     Tm  amd  Cagm:  KSoBna. 

Dry  Cfooda:  Meter,  yard.     Fuel:  Kilogram.     Tobacco:  Kilogram. 

Ready-Made  Clothing:    Centimeter,  inch,  local  numbera.     "The  meMuremanta  of 
articles  are  expreied  in  tiie  trade  in  English  or  metric  units  according  to  their  sourea. 
collars,  hats,  etc.,  imported  from  England  are  measured  in  inches  and  those  from  Fraaeo  in 
units."    Hate:   Centimeter,  local  numbers,  inch.    (See  clothing  aboro.)    CtOors.* 
inch.    "Best  stores  have  conversion  tables  to  inches."     (See  clothing  abovo.)     Ut 
Hoeiory:  Inch,  centimeter,    ^utee:  (Centimeter.    "Imported  shoes  in  English 
ufaetures  to  spedal  Argentine  numbers."     "The  point  corre^wmding  to  ooe  quarter  of  tko  old 
French  inch."    Qloeee:  Ontimeter.    Coreete:  Centimeter. 

For  the  Meaetirement  of  Land:  Hectare,  square  meter,  euadra,  league,  Tara.  **Loli  of  load 
are  sold  in  most  cases  by  the  square  vara.'*  "  In  many  places  the  vara  is  used,  alao  tho  ooodii^  tal 
these  measures  are  not  legal."  "  In  Buenos  Aires  the  old  vara  is  still  quite  freqoo&t.'*  **Tlw  tool 
estate  dealers  are  accustomed  to  sell  dty  lots  by  the  square  vara,  althooi^  aeeoidiBc  to  lam  thof 
are  liable  to  a  severe  penalty." 

Jjumber  and  Timber:   Inch,  foot,  meter.     "English  measuremoits,  thooi^ 
based  on  length  in  meters."    "Length  always  in  meters,  breadth  and  thi<ilmesi 
inches."    "Chiefly  English  measures."    "By  the  cutnc  meter  and  oqiiare  motor  for  1 
thickness." 

By  Carpentere  and  Other   Woodfoorkore:    Metric,  English.     By  Aeos  mud  BHek  Me 
Metric.     By  Tailore  and  Seametreeeee:  Meter,  centimeter. 

In  Machine  Shape:  Meter,  inch,  millimeter,  centimeter,  gram,  kilogram.    **SUm  im 
measures."    "Iron  measurements  in  inches,  otherwise  kilo  and  oentimotor." 

In  Contracte  for  Bxcaeation  of  Ground:  Cubic  meter,  square  metsr,  kilogram.    /•  Mimm  mmd 
for  Mining  Producte:  Metric  ton,  kilogram,  meter.    In  SmdHng  and  for  SmeUer  fVoilmls.' 
pulgada,  kilogram,  metric  ton.    Sieee  of  Pipe  for  Chu,  Water,  Snocrt,  JRc:    Length, 
eter,  meter,  foot,  inch;  weight,  kilogram.    "Meter  for  large  sewer  pipes;  ooil  pipoo. 
metric;  gas  and  water  pipes,  inch." 

In  Ship  and  Boat  Building:  Meter,  foot,  inch,  kilogram.     Marino  Mtameremtmia: 
meter,  pie.  ton,  mile,  knot,  cubic  foot.    "Distances,  maritime  miles;  eharti^  foot; 
displacement,  same  as  England  and  United  Sutes."     "English  measurso."    "Ai 
measurements,  although  contrary  to  legal  provisions,  people  use  for  dfaHoneo  tho 
Charts  of  bays:  Depths  are  expressed  in  English  feet  or  in  fathooBS  of  6  ft.    T( 
in  Moorson  tons.    Displacement  is  expressed  in  English  tons.    Flroii^t,  Kn^irii  toa. 

Hay  at  Wholeeale:  Kilogram,  metric  ton.    (Tram  at  WhoUeaU:  quintal,  hootolllor. 
Meat  at  WholeeaU:   Kilogram.     Root  Crope  ai  Wholeeale:   Kilogram.    Cegoe  ol  ITAolsools.- 
gram.     Milk  at  Wholeeale:   Liter.     BuHer  and  Cheeee  at  WhoUmie:  Kilogram.    Omdm 
at  Wholeeale:  Kilogram.     Rubber  at  WhoUeaU:  Kilogram. 

Railtoay  Tarif  for  Paeeengere  and  Freight  (Load  and  Distance):  Kilogram,  OMtiie  iMi, 
meter.     Loade  and  Ratee  for  City  Tranoportation:   Kilogram,  metric  ton.    I  sods 
Traneportation  by  Muleback  Acroee  the  Mountaine:   Kilogram.    Aoilmqr  Trmek  Oa§m  mei 
of  Linee:   Distances,  kilometer;   gage,  ^''»*g'«^x  metrie.    Railway  Bpiipmtmt  (wite  mmd  en  As 
conetruetion  and  repairing  of  locomotieee,  care,  etc):  Saglish,  metiio. 

"The  only  legal  units  for  any  business  transaotion  are  tho  moferio  qrolom,  bat  thrangk  o  had 
habit  there  has  been  introduced  in  common  language  the  indiscriminato  ost  of  tho 
Canadian  legal  measurements." 


Mr.  E.  F.  Du  Biul ' 
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liah  inch  by  the  lumber  oomiMuiy,  and  Portuguese  inch  by  others.    The  lengths  in  feet  by  the  lum- 
ber  oomi>any  and  Portuguese  inches  by  others." 

ByCarperUerMand  Other  Woodworkert:  Meter,  inch,  foot,  palmo,  poUegada,  centimeter.  Bf 
•S<<m«  and  Brick  Mcuont:  Meter,  cubic  meter,  square  meter,  pollegada,  centimeter,  palmo.  By 
Tailor$  and  Stamatrewet:  Meter,  centimeter. 

In  Machine  Shojn:  Meter,  foot,  inch,  palmo,  kilogram,  metric  ton,  gram,  liter  (tie),  "The 
metric  system  was  established  by  law  under  the  Empire  as  the  only  official  system.  Tba  Eai^A 
system,  especially  for  metal  work,  is  very  popular." 

In  ContractM  for  ExcavcUion  of  Ground:  Cubic  meter,  palmo,  braca.  In  Minee  amd  for  H\Mim§ 
Product*:  Meter,  cubic  meter,  metric  ton,  kilogram,  gram,  oitavo,  carat.  In  Smtlting  amd  fm 
Smelter  Product*:  Cubic  meter,  metric  ton,  inch,  (eic)  centimeter,  (tie)  kilogram,  gram.  Sisti  •/ 
Pipe  for  Oae,  Water,  Sewer*,  Etc.:  Inch,  centimeter,  meter  for  length.  "Englirii 
metric  system  infrequently."  "For  the  measurement  of  earthen  pipes,  the  intenial 
usually  given  in  inches.  Metal  tubing  for  gas  and  water  is  measured  by  wei^t,  per  kllogrBiD. 
Diameters  are  usually  measured  in  inches  and  lengths  in  meters."  "The  English  iiimsuiis  pi«- 
vaU." 

In  Ship  and  Boat  Building:  Meter,  yard,  foot,  inch.  "Generally  the  English  foot;  esaaptiea- 
ally  the  meter."  Marine  tneaeiwement*:  Marine  mile,  foot  for  harbor  charts,  meter;  fni^t  hf 
metric  ton,  cubic  meter,  kilogram;  depths  in  meters  or  feet;  knot,  league.  "Eni^liah  nlU  for  dis- 
tance; English  foot  for  drafts."  "English  system."  "The  nautical  mile  is  most 
ployed;  Lloyds'  registry  is  used  in  calculating  tonnage."  "Distanoes,  English  milo; 
English  ton;  draft,  English  foot." 

Hay  (U  Wholeeale:  Arroba,  kilogram.     Grain  tU  Wholeeale:  Liter,  kilogram,  prmto^ 
quarta,  alqueire,  arroba.     Meat  at  Wholeeale:   Kilogram,  arroba.     Root  Crope  at  WkUmtlK 
gram,  arroba,  amarrado,  metric  ton.    Coffee  tU  Wholeeale:  Kilogram,  arroba.    Milk  oi 
Liter.     BuUer  and  Cheete  at  Wholeeale:  Kilogram,  libra,  Jaoa.  arroba.     Garden  Produete  ai  IfM^ 
eaU:  Liter,  kilogram.     Rubber  cU  Wholeeale:   Kilogram,  arroba. 

Railway  Tariff  for  Paesengert  and  Freight  (Load  and  Distance):  Kilometer,  metrie  too, 
meter.     Load*  and  Rate*  for  City  Tranaportation:  Kilometer,  tonelada,  cubic  m«»ter,  arrob 
ton,  kilogram.     Loade  and  Rqte*  for  Tranaportation  by  Muleback  Aero**  the  Mountaina: 
kilogram.    Railway  Track  Gage*  arui  Length  of  Line*:    Meter,  kilometer,  centimeter. 
Bquipfnent  (unit*  tued  in  the  conetruetion  and  repairing  of  locomotivee,  coatee,  etc):  Ineh.  foot,  kilo* 
gram,  meter.    "Weight,  kilo;  measure.  English  inch." 

"The  official  system  of  weights  and  measures,  etc.,  is  the  metric  s}rstem.     However,  the  ol 
Brasilian  sjrstem  is  still  commonly  used." 

Brasil  "adopted"  the  metric  system  in  1862. 


CHILE 

(Summary  of  ten  returned  questionnaires) 

(/rocsnet:  Ubra,  kilogram.  "Generally  the  Ubra."  FruOs:  Ubra.  kilogram.  Jfttt:  Ulsr. 
hectoliter,  botella  -  2/3  liter.  Butter  and  Cheeee:  Libra,  kilogram.  Other  Farm  ProimeU:  Ubca. 
kilogram,  quintal,  fanega.  Uard%oare:  Libra,  kilogram.  Fi*h:  Libra,  kilogram.  Jfsaf:  Kilo- 
gram, libra.  "Live  cattle,  kilo;  meat,  libra."  Flour:  libra,  kilogram,  arroba,  qwDtaL  fsa  oarf 
Coffee:  Libra,  fanega,  quintal,  kilogram. 

Dry  Goode:  Vara,  yard,  meter.     "Wholesale,  yard;   retail,  vara." 

Fud:  Kilogram,  raja,  cubic  meter,  decaliter  (tie),  almud.  fanega,  tonolada,  aatrio  Mi. 
cordada. 

Tobacco:  Libra,  quintal,  kilogram,  gram. 

Ready-Made  Clothing:    Centimeter,  inch.    "As  in   United  Statea  and   EaglaBd.'*    Bm: 
Local  numbers,  inch,  centimeter.    Collar*:   Centimeter.     Under^sear  mad  IfosMry: 
inch.     "As  in  the  United  Sutes."     Shot*:  Centimeter.    Gloeee:  '*EagUah 
centimeter.     Cor*ft*:  Centimeter,  inch.     "French  and  English,*'  "Kngiiih 

For  the  MeoMwement  of  Ixind:  In  the  fanning  districts:  Hcctara,  euadia,  eahaltatia. 
In  the  smaller  towns:  Hectare,  iiioter.  cuadra,  square  meter,  caballeria,  potrsro.  In  aHIm: 
meter,  square  vara. 

Lumber  and  Timber:   Inch,  wiuare  foot.  foot,  board  foot,  eubio  yard.    "StaM  •■  in  UhI 
States."     "  Length  of  native  wood  in  Spanish  varas." 

By  Carpentrr*  ami  Other  Woodworker*:    Inch,  foot,  square  foot.     "The 
used  are  the  foot  ami  inch,  rarely  the  meter."     "The  meter  is  sometimea  OHd  for  Iho  iiMi  if 
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Lumber  and  Timber:  Square  foot,  metric,  "Standard  board  rites  in  inches.** 

By  Carpentert  and  Other  Woodxoorkera:   Square  foot,  "Feet  and  inches  and  metric 
about  equally."     By  Tailors  and  Seamstresses:  Metric,  inch.     By  Stone  and  Brick  Mamnu:  Sqosit 
foot. 

In  Machine  Shops:   Meter,  foot,  "English  Bystem." 

In  Contracts  for  Excavation  of  Ground:  Cubic  meter.  In  Mines  and  for  Mining  Proinda: 
"English."  In  Smelting  and  for  Smelter  ProducU:  "English.**  Sites  of  Pipe  for  Gaa,  Wmer, 
Sewers,  Etc:  "English  measures." 

In  Ship  and  Boat  Building:  Cubic  ton,  "English  measures."  Marine  MeoMuremtmit:  Mife. 
"Metric  measurements  and  weights."  "The  brasa,  which  corresponds  to  the  Eiicliih  fsthom. 
The  English  nautical  league  and  mile,  English  ton  and  short  ton;  ocoasionaUy  th*  matrio  UA. 
Displacement  ton  as  above  (English).     Freight  per  metric  ton." 

Grain  at  Wholesale:  Hectare  (sic),  pound,  arroba,  quintal.  Meat  at  WhoUeaU:  Poond,  anoba. 
Root  Crops  at  Wholesale:  Pound,  kilogram,  arroba,  manojo,  ton.  Coffee  at  WkoieeaU:  BSognB. 
arroba.  quintal.  Milk  at  Wholesale:  Contara,  botella.  BuU€r  and  Cheese  at  ITAolssals.*  Pouad. 
arroba,  metric  pound.  Gcwden  Products  at  Wholesale:  Pound,  kilogram,  arroba,  quintal.  BmMv 
at  Wholesale:  Pound,  arroba,  quintal,  metric  ton. 

Railway  Tariff  for  Passengers  and  Freight  (Load  and  Distance):  Kilometer.    Loade  mmd 
for  City  Transportation:   Arroba,  mile,  pound.     Loads  and  Rates  for  Tranaportalion  bw 
Across  the  Mountains:  Arroba,  mile. 

Railway  Track  Gages  and  Length  of  Lines:  Inch,  foot,  meter,  kilometer. 

"The  pound  in  this  re^on  is  the  English  because  all  the  machines,  platform  soala 
ing  instruments  come  from  England  and  the  United  States."  "As  you  can  see,  we  haiw%  no  vair 
formity  of  weights  and  measures  in  this  country."  The  report  of  Mr.  W.  A.  Graham  Clark,  Gob- 
mercial  Agent  of  the  Department  of  Commerce  and  Labor,  Part  II,  published  by  tha  Dapartmtat. 
in  1010,  contains  the  following:  "An  instance  of  the  conservaUsm  of  the  retafl  mardianta  ia  tkis 
respect  was  strikingly  shown  during  the  recent  civil  war,  when  the  Bogota  imporiani  foaad  it 
necessary  to  get  some  white  goods  from  the  Barranquilla  importers.  On  arrival  tha  hmwHsis 
found  them  almost  unsalable  because  they  were  in  the  coast  lengths  of  20  yards  insfaaH  ol  tta 
customary  Bogota  lengths  of  24  yards.  It  would  seem  that,  as  the  goods  are  finally  ratailad  by 
the  vara,  the  length  of  cuts  would  be  immaterial,  but  according  to  the  importers  it  haa  a  stiuag 
effect  on  the  salability  of  the  cloth,  and  this  peculiarity  must  be  catered  to  in  cedar  to  obtain  tht 
business." 

Colombia  ''adopted"  the  metric  system  in  1853. 


COSTA  RICA 

(Summao'  of  three  returned  questionnaires) 

Groceries:  Lihrn.  cajuela,  fanega.  quintal.  Fruit:  Domestic,  no  standard;  imported,  Hbia. 
Milk:  Liter,  bntella  (}i  gallon).  Buttrr  and  Cheese:  Libra,  arroba.  OfAcr  Form  and  Omdmk  Ff^ 
duets:  libra,  ruariUo,  fanega,  cajuda,  quintal.  Hardware:  Pie,  vara,  libra,  pound.  Fiek:  Una 
quintal.  Meat:  Kilogram,  libra.  Flour:  Quintal,  half  quintal,  libra.  Tea  amd  Coffee: 
libra. 

Dry  Goods:  Vara,  yard. 

Fusl:  Coal,  libra;  charcoal,  cuartillo;  wood,  no  defined  unit. 

Ready-Made  Clothing:  Inch,  centimeter.     Hats:  Inch.     Collars:  Inch,  oantimalar.     V* 
wear  and  Hosiery:   Inch,  centimeter.     Shoes:   English  nunil>pni,  French  numban.     Qlssss:   Ii 
Corsets:   Inch. 

Metuurrment  of  Land:    In  agricultural  districts:    Hectare,  square  vara, 
the  smaller  towns:  Hectare,  square  pie,  square  vara,  scitiarc  meter.     In  cities:  Hastan.  oqi 
Sfiuarc  vara,  mansana,  square  meter.     "The  people  in  their  transactions 
Sana  and  square  vara,  but  the  registry  uf  (locuinents  in  the  government  oAea  la 
the  meter  and  the  hectare." 

Lumber  and  Timber:  Lineal  and  cubic  pie,  tonelada  of  27  cubic  ptea,  too  of  1000  kfloa.  tool 
and  vara  for  length,  inch  for  thickness. 

By  Carpenters  and  Other  Woodworkers:    Superficial  and  cubic  |da,  motar.  loot,  Taim. 
"Indiscriminately  the  English  foot,  the  Spanish  vara,  yard  and  matar."    Bg  TWIsrs  and 
Yard.  vara,  meter. 
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DOMINICAN  REPUBLIC 

Commtrct  ReporU,  published  by  the  Department  of  Commerce,  prints  the  foDowiiig  commi^*^* 
cation,  dated  February  20, 1918.  from  Consul  Arthur  McLean  of  Puerto  Plata:  "The  metric  qn*"^^ 
of  weights  and  measures  has  been  legally  adopted  by  the  Dominican  Republic.    The  ooly  pb^^*" 
however,  where  the  metric  system  is  applied  to  trade  here  is  in  the  municipal  markets;  aToirdu^^^ 
weights  are  used  in  all  other  mercantile  transactions,  although  the  metric  system  is  in  foree  in 
customs  and  other  Government  institutions.    The  kilometer  and  the  league  are  the  two  mdli  n^ 
generally  used  in  computing  distances.    Jobbers  use  the  English  yard  in  selling  cotton  goodi 
the  retailers,  while  the  latter  in  turn  sell  to  their  customers  by  the  vara  or  Spanish  srard, 
33  inches.     While  quotations  may  be  made  by  American  houses  to  their  clients  in  the 
Republic  in  cither  metric  or  English  units,  the  latter  are  equally  acceptable,  if  not 


ECUADOR 

(Summary  of  five  returned  questionnaires.     One  of  the  questiotinairss,  in  En^iah. 
pounds  where,  in  view  of  the  others,  libras  are  probably  meant  and  are  so  hers 

reported.) 


I 


Groeeriet:  Libra,  quintal.     Milk:  Liter,  gallon.     BiUter  and  Chetse:  Libra, 
Other  Farm  Productt:    Arroba,  quintal.     Hardware:    Libra,  arroba,  quintal;    |Hpe  by  lbs  fi 
sheet  iron  and  sine  by  the  pound,  nails  and  tacks  by  the  pound  and  ounce.     FiA:  Arroba,  qvatn^ 
Meat:   Libra,  kilogram.     Flour:   Libra,  kilogram,  quintal.     Tea  and  Coffee:   Libra.     Dry 
At  retail,  vara;  at  whcdesale,  yard,  meter. 

Tobacco:  Libra,  quintal. 

Ready-Made  Clothing:    Inch.     Halt:    Centimeter.     CoUar»:    Centimeter.     Ui 
Hotiery:   Inch,  centimeter.    Shoe*:   Centimeter,  English  sises.    QUnee:  CantimetM',  inch.    C 
«e<«.'  Centimeter,  inch. 

For  the  Meaeurement  of  Land:  In  the  farming  districts:  Hectare,  enadra.  aqnan  meter.    I 
the  smaller  towns:   Square  meter,  cuadra.    In  cities:   Square  meter,  vara.     **In  tlia  dtias 
buildings  are  measured  by  the  meter,  the  lots  by  the  vara.*' 

Lumber  and  Timber:  Square  foot,  pie.  foot,  pulgada,  inch,  oentimetar;  length  in 
cuniference  in  palmas. 

By  Carpentere  and  Other  Woodworkertt:    Square  foot,  pie,  pulgada,  TnTn.     By  Tmletrt 
Seametrueee:  Centimeter. 

In  Machine  Shop*:  Centimeter,  millimeter,  pulgada,  inch,  mtltr.    **The  nommon 
is  the  English  inch." 

In  Contracta  for  Excavation  of  Oround:  Square  meter,  cubic  meter,  vara.    In  Mimm  (tmi  A 
Mining  Producte:  Kilogram,  ton,  tonolada,  quintal.     In  SmelUng  and  for  Sm^er  Produtta: 
tal,  pound,  kilogram.     Sixee  of  Pipe  for  Gae,  Water^  SewerM,  Etc.:  Inch,  csntimeter,  metnr  for  Isaglb..*-^ 

In  Ship  and  Boat  Building:  Ton,  meter,  vara.     Marine  MeaeuremenU:   Kilnmetsr,  nwtrr,  -^ 
vara,  league,  metric  ton,  English  ton,  tonelada.  nule,  knot,  brasa,  paja,  malinai  buoy. 

Hay  at  Wholeaale:  Quintal.     Grain  at  Wholeeale:  Fanega,  quintaL     Jfsof  of  WhaUeale:  Kilo- 
gram.    Root  CropM  at   Wholeeale:    Kilogram,  quintal.    Coffee  at  WhoUeat$:   QuintaL     Mitk  m 
Wholeeale:  Gallon  "of  4  liters,"  liter.     Butter  and  Cheeae  at  Wholeeale:  libra.     AiiU«r  of  Wi 
tale:  Quintal,  kilogram. 

Railway  Tariff  for  Paeaengert  and  Freight  (Load  and  Distance): 
Rateefor  City  Tranaportation:  Weight,  cubic  pie.     Railuny  Track  Oagee  and  Length  ejLiinm:  Mstir. 
kilometer,  inch.     Railway  Equipment  (unita  ueed  in  the  oonetrudion  and  repawing  ^ 
coachea,  etc.):   American. 

"The  Spanish  inch,  foot  and  ton  are  used  as  are  other  measures,  althoui^  tbo 
menu  are  sometimes  umhI."    "The  Spanish  pound  is  usfsl  in  weighing  evorythias.' 
metric  sy9<t<'nt  In  legal,  it  \»  not  enforced." 

(Keply  to  a  questionnaire  sent  out  by  Mr.  Henry  R.  Towae) 

Legal  Standarda:  Metric  system  used  by  the  Government. 
Common  Standarda:  The  public  uses  generally  the  old  G^wniirii  (Cssfilisn) 
the  libra,  and  the  gallon. 
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**Our  standard  of  weight  is  the  quintal  of  100  Spanish  pounds.    Our  itandanl  of 
the  botella." 

According  to  the  Report  to  the  International  High  Commission  on  the  Matrie 
Export  Trade  prepared  by  the  Director  of  the  Bureau  of  Standards,  the  metrie  vjrstaB  to 
tory"  in  Guatemala. 

Guatemala  "adopted "  the  metric  system  in  1894. 


is 


HAITI 

Factors  in  Foreign  Trade,  published  by  the  Department  of  Commerce  and  Labor,  1912,  g^^ 
the  following  information: 

*'  Weighta  and  MeamreM:  Metric  system,  but  ]x>unds,  tons  and  gallons  an  geiMffaUy 
commerce  and  statistics.    The  pound  of  500  grams  (1.1033  pounds  avoirdupois)  is  adopted  i 
customs;  the  ton  is  2000  pounds;  gallon  is  equivalent  to  United  States  pdlon.** 


MEXICO 

(Summary  of  ten  returned  questionnaires) 

Oroceriet:  Kilogram.     FruiU:  Kilogram.     Milk:  Liter,  cuartallo.     BviUr  amd  Ckmm: 
gram,  pound.    Other  Farm  ProdtuU$:   Kilogram,  metric  ton,  arroba,  earga,  cuartilkK    Hmd\ 
Kilogram,  meter,  "as  in  U.  S."     Fith:  Kilogram.     Meat:   Kilogram.     Flour:  Kilogram, 
carga.     Tea  and  Coffee:  Kilogram,  libra,  pound. 

Dry  Goods:  Kilogram  (tie),  meter,  centimeter,  vara,  yard. 

Fttel:  Kilogram,  cord,  quintal,  metric  ton,  troje,  sontla. 

Tobacco:  Kilogram. 

Ready-Made  Clothing:    Meter,  yard,  inch,  centimeter,  kilo  (sic).    "FrsDoh  and 
indiscriminately."    "As  in  U.  S."     Hata:  Meter  (tie),  yard  (tie),  inch,  otuitiiiieter. 
American  indiscriminately."     "As  in  U.  S."     Underwear  and  Hoaiety:   Meter  (fie),  jrard 
inch,  centimeter.    "French  or  American  indiscriminately."    "As  in  U.  8.** 

Shoee:  Meter  (tie),  yard  (jKie)^  centimeter,  English  siaes.    "Frendi  or 
nately."     "  As  in  U.  S."     CoreeU:  Meter  {eic),  yard  {tie),  centimeter,  inch.    "Fnaeh  or 
indiscriminately."     "As  in  U.  S."    QUnee:  Meter  {9ic)t  yard  {jeiG),  ineh,  wmtJmaUr. 
American  indiscriminately."     "  As  in  U.  S."     "If  material  is  from  Franee,  th«  melar; 
United  SUtes,  the  yard." 

For  the  Meaewement  of  Land:  In  the  farming  districts:  Hectoliter  (sic),  liter  C 
sitio,  caballeria,  acre,  kilometer.     In  the  smaller  towns:  Hectoliter  (me),  liter  (sic), 
meter,  acre,  kilometer.    In  cities:  Hectoliter  {eie),  liter  (eie),  hectare,  meter*  «|am 
kilometer. 

Lumber  and  Timber:  Foot,  inch,  cubic  foot,  meter,  centimeter,  pulgada,  pie,  kOognm 

By  CarperUere  and  Other  Woodworkere:    Foot,  inch,  meter,  centimeter,  r"*!^^*.  9M> 
Tailort  and  Seametreeeee:  Meter,  centimeter,  vara.     By  BUtekemitht:  Metric.    Bif  Aene  end 
Maeone:  Foot,  inch,  meter,  square  meter,  kilogram,  centimeter. 

In  Machine  Shoj>»:  Inch,  kilogram,  meter,  cenUmeter. 

In  Contrade  for  Excavation  of  Ground:  Cubic  meter,  equare  meter,  metar.    In  M\ 
Mining  Product*:  Cubic  yard,  metric  ton,  square  meter,  kilogram,  onsa,  meier.    /a 
for  Smelter  Producte:  Foot,  meter,  metric  ton.    Sieee  of  Pipee  for  Oaa,  WaUr,  Amert,  Ac:  Vi 
inch,  meter,  centimeter. 

In  Ship  and  Boat  Building:  Meter,  foot,  kilogram.     Marine  Met 
mile,  cubic  meter,  metric  ton. 

Hay  at  Wholeeale:  Kilogram,  ton,  arroba.  metric  ton.    (Train  at  WkeimaU:  QoiBtal, 
hectoliter,  carga,  cuartillo.     Meat  at  Wholeeale:   Kilogram.     Root  Crape  at  WketmaU: 
(luintal.     Coffee  at  Wholeeale:    Quintal,  kilogram.     Milk  at  WkoUmie:    Utar, 
Butter  and  Cheeee  at  Wholeeale:  Kilogram,  i>ound  (probably  libra).    Oardem 
Kilogram,  (luintal.     Rubber  at  Wholeeale:  Pound  (probably  libra),  kilogram. 

Railway  Tariff  for  Paeeengere  and  Freight  (Load  and  Distanoe):  Kiiogran. 
ton,  cubic  meter,  mile,  ton.     Loade  and  Raiee  for  City  Traneportatien: 
Loade  and  Rate*  for  Tranaportation  by  Multbaek  Acroaa  (he  Mouniaime: 
kilometer.    "The  old  weight  (1  carga  -  300  librae)  still  holds  ita  own  whan  doaiiai  wHh 
tramiporution."     Railway  Track  Gagee  and  I^ength  of  Linea:   Hloowier,  oanrimatar.  fool. 
Railway  Equipment  (unite  used  in  the  conntrurtion  and  repairing  of  lew wefc'ne,  esodkoi,  #e.):  F< 
inch,  metric  kilogram  uic)*     "As  in  l*.  S."     "All  transportation  liore  il  dona  Iqr  booft  on  a 
ton  basis." 
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Enclish  quintal.    Fith:  Pouxul,  EngUsh  quintal.    Meat:  Pound,  Engliah  quintal.    Fhw:  ?9ad, 
Encliflh  quintal,  "  barrel  of  106  i>ound5."     Tea  and  Coffee:  Pound,  ounce,  Ehigliih  quintal. 

Dry  Goode:  Yard,  vara.     Fuel:  Long  ton,  abort  ton,  Englinh  quintal,  cord. 

Tobacco:  Pound,  ounce,  Englisb  quintal. 

Ready-Made  Clothing:  HaU:  CoUare:]  Underwear  and  Hoeiery:  Shoee:  Gheee:  CantU:  lock, 
metric.  '  "Tbe  articles  mentioned  are  imported  almost  exclusively  from  tbe  United  StaleisiMl  ^ 
measures  are  the  same  as  in  that  country."     "A  few  French  articles  are  metric  sises." 

For  the  Meaeurement  of  Land:    In  the  farming  districts:    Hectare,  square  meter.    lo  *** 
smaller  towns:  Hectare,  square  meter.     In  cities:  Square  meter. 

Lumber  and  Timber:  Inch,  foot,  square  and  cubic  foot.  . 

By  Carpentere  and  Other  Woodtoorkere:    Inch,  "some  centimeien.**     By  Stone  nd  ^^\^ 
Maeone:    Inch,  centimeter,  "American  generally."     By  Tailore  and  Dreeamakere:   Yard,  i^ 
centimeter.  "American  generally." 

In  Machine  Shopec  Inch,  centimeter,  pound,  English  quintal. 

In  Contracte  for  Excavation  of  Ground:   Cubic  meter,  yard.     Sieee  of  Pipe  for  Qoa, 
Severe,  Etc.:   Inch.  ^ 

In  Ship  and  Boat  Building:  Inch,  centimeter.  Marine  Meaeuremont:  Short  ton.  ton  cf 
cu.  ft.,  marine  mile. 

Hay  at  Wholeeale:  Pound.     Grain  at  WholeeaU:  Pound,  English  quintal.     Af  sol  at  W^ 
Pound,  English  quintal.     Root  Crope  at  Wholeeale:  Pound.     Coffee  at  Wholeeale:  Pound. 
quintal.     MUk  at  Wholeeale:    Quart,  botolla.  gallon.     Butter  and  Cheeee  at  WholeeaU: 
Garden  Producte  at  Wholeeale:  Pound.  English  quintah     Rubber  at  WholeeaU:  Pound. 

Railumy  Tariff  for  Paeeengere  and  Freight  (Load  and  Distance):    Mile,  pound,  enbie  fc 
Ijoade  and  Ratee  for  City  Traneportation:  Pound.     Railway  Track  Gagee  and  Length  of  iAmoe:  Ine> 
mile.     Railway  Equipment  {unite  u$ed  in  the  con^ruction  and  repairing  of  loco 
Inch. 

"The  Spanisli  units  are  never  used  here  and  while  the  metric  system  is  the  official 
for  the  country,  with  the  exception  of  lands,  it  is  seldom  used  in  Panama,  Ameriean 
standards  of  weight  and  measure  being  in  universal  use." 

Panama  "  adopted  "  the  metric  system  in  1857. 

PERU 

(Summary  of  seven  returned  questionnaires) 

Groceries:  Kilogram.  Milk:  Liter,  botella  of  0.75  liter.  Butter  and  Cheeee:  Libra,  kilogram. 
Other  Farm  ProducU:  Libra,  kilogram.  Hardware:  Libra,  pie.  Fieh:  Kilogram,  libra.  MeOL 
Kilogram,  libra.     Flour:  Kilogram,  libra.     Tea  and  Coffee:   Kilogram,  libra. 

Dry  Goode:  Meter,  vara. 

Ftul:  Kilogram,  quintal,  libra.  ' 

Tobacco:  Kilogram.     (Government  monop<^.) 

Ready-Made  Clothing:  Ontimeter.  Hate:  Ontimetcr.  "English  numbera.**  Collars:  Cea- 
timeter.  Underwear  and  Hoeiery:  Centimeter,  "Special  measure."  Shoee:  Centimetar,  "Spaaal 
measure."     Glovee:  Centimeter,  "Special  measure."     Coreete:  Centimeter. 

For  the  Meaeurement  of  Land:  In  the  farming  districts:  Fanegada,  topo,  euadrm,  aquaic  vara. 
"  Sale  and  registry  by  the  fanegada."  In  the  smaller  towns:  Square  meter,  finagirla,  topo,  cuadra: 
"Kale  and  registry  by  the  fanegada."  In  cities:  Square  meter,  square  vara,  fanatada.  "Sate  and 
4Tgistry  by  the  fanegada." 

Lumber  and  Timber:  Foot,  inch,  square  foot;  "Spanish  foot  for  oedar." 

By  Carpenters  and  Other  Woodworkers:  Foot,  inch,  square  foot,  meiar,  "Engliah  ■yilcin  " 
By  Stone  and  Brick  Maeone:  Meter,  wiuarv  meter,  arroba.  By  Tailore  and  Sommab^mam:  CctitA- 
meter,  meter,  yard. 

In  Machine  Shape:  Muter,  inch.  foot,  quintal.  "English  system  chtefly.  A  few  jobs  for 
Kuropean-built  niachiner>'  an>  handled  on  the  metric  system." 

In  Contracte  for  Exctiration  of  Ground:    Cubic  meter.     In  Minea  and  for  Minimg  Prodmete: 
Tonelada,  metric  ton.  cubic  meter,  gallon  of  33/4  liters  for  petroleum  produeta.    "Muoo,  a  woigfct 
per  cajon  of  12,U0U  marrus.     Troy  ouncfs  per  ton.     Grants  per  mettie  ton."     **' 
and  metric.     In  Smelting  and  for  Smelter  Protlucts:  Kilogram,  libra,  foot.     "TIm  i 
Sieee  of  Pipe  for  Gae,  Water,  Sewers,  Etc.:  Meter,  foot.  inch.  "Generally  Engikh  foai  and  inehoi  aad 
their  fractions." 

7a  Ship  and  Boat  BuHding:  Meter,  foot,  inch,  kilogram,  regblerid  too.  "OmmnB^  t^ 
English  measures."  Marine  Measurements:  Mile,  ton,  cubic  meter,  knot,  bfmia  (falhoa  of  A 
English  feet),  metric  ton.     "Generally  the  English  measures." 
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San  Juan  most  goods  are  retailed  by  the  yard  as  the  people  there  demand  thia  lenttb.  bat  b  A* 
remainder  of  the  island  the  usual  measure  is  the  Spanish  vara  of  83.6  centimeteia." 

All  of  the  above  should  be  compared  with  the  statement  by  Mr.  Fred  R.  Drake  as  qHlad  i* 
the  preamble. 

SAN  SALVADOR 

(Simimary  of  one  returned  questionnaire) 

Oroeerie$:  Almud.    Milk:  Liter.    BuUer  and  Ch«u$:  libra.    Oih§r  Fmrm  PndmeU:    lifaf* 
Hardware:  Pound,  quintal.    Fith:  Libra.     Meal:  libra.     Flour:  Bulto.     7«a  mmd  Cegm:  Libff*- 

Dry  Oooda:  Vara. 

Fuel:  Carga. 

Collar*:  English  numbers. 

For  the  Meamrement  of  Land:  In  the  farming  districts;  Mansana,  cabaQeria.  In  tbe  sniill^^ 
towns:  Vara,  "  with  metric  measures  always  used  in  the  documents.*'  In  cities:  Meier  and  mS^" 
meter  (etc). 

By  Stone  and  Brick  Maeone:  Vara,  pie,  pulgada.     By  Tailore  and  Ssamslrsssss:  Vara, 
millimeter. 

In  Contraete  for  ExeawaHon  of  Oround:  Cubic  meter.    Sitee  of  Pipe  for  Gm,  Waitt, 
Etc.:  Inch. 

(Train  at  WholeeaU:  Fanega,  arroba.     Meat  at  Wholeeale:  Libra.     Coffet  at  WhaUmU, 
tal.     Milk  at  Wholeeale:  Botella.     Butter  and  Cheeee  at  Wholeeale:  libra. 

Railuny  Tariff  for  Paeeenoere  and  Feight  (Load  and  Distance):   Cubic  foot,  quintal, 
meter.     Loade  and  Rates  for  City  TraneporUUion:  Quintal.     Loada  and  Ratee  for  T^anupmtatiwm 
Muleback  Acroee  the  Mountains:  Arroba. 

The  report  of  Mr.  W.  A.  Graham  Clark,  Commercial  Agent  of  the  Department  of 
and  Labor,  Part  I,  published  by  the  Department  in  1909,  contains  the  following:  "rrartifltr  aK 
exported  yam  is  put  up  in  either  five-  or  ten-pound  paper-covered  paekete  and  eitbar  eislity  of 
forty  of  these  packed  to  the  bale.     Yam  is  retailed  here  in  ten-pound  lota,  but  two  flvo-ponndE 
packets  are  preferred  to  one  ten-pound.  .  .  .    These  splits  are  20  to  26  inohes  wide,  and  ictaB  at 
a  real  a  vara." 

SPANISH  HONDURAS 

(Summary  of  three  returned  qiwstionnaires) 

Groceriet:    Pound,   arroba.     Fruita:    Pound.    MUk:     liter,   bottellA,   pint. 
Cheeee:  Libra,  pound.    Other  Farm  Products:   Pound.     Hardware:   Pound.     FisA:  Libra, 
Meat:  Libra,  pound.     Flour:  Libra,  poimd.     Tea  and  Coffee:  Libra,  pound. 

Dry  Ooode:  Vara.  yard. 

Fuel:  Carga,  pound,  cuerda. 

Tobacco:  Libra,  pound. 

Ready-Made  Clothing:   Inch,  "Same  as  in  United  SUtes."     HaU:   "American  and 
sites."     Collare:  " American  and  French  sises.*'     Undeneear  and  Hosiery:  "American  and 
sises."     Shoes:  "American  and  French  sises.*'     OUnee:  "American  and  French  ■isea.'* 
"American  and  French  sises."    "General  American  sises  of  wearing  ^;»parel  in  use." 

For  the  Measurement  of  Land:  In  the  farming  districts:  Caballeria.  mansana, 
the  smaller  towns:  Caballeria,  mancana,  hectare,  foot.    In  dtiea:  Caballeria, 
foot.     "The  official  standard  is  the  hectare.     Deeds  in  hectares  and  otben  in 
iiig  to  original  measure.     In  towns  the  lots  are  measured  in  Engjish  feet  and  are  ao 
AImo  large  parcels  in  the  country  measured  in  caballerias." 

Lumber  and  Timber:  I^ufenberg  rule,  "Exactly  the  same  as  Amarieaa  riaaa." 

By  Carpenters  and  Other  Woodworkers:    Foot,  inch.     By  Stone  and  Brick  M* 
"  American  sites."     By  Tailors  and  Seamstresses:  Metric,  foot. 

In  Machine  Shops:  Inch,  foot,  pound,  "American  sises." 

In  Contracts  for  Excavation  of  Ground:    Foot,  inch,  "American  siisa."     /•  Jffaas  flnd/w 
Mining  Products:   (^ubic  foot,  ton.  metric  ton,  "American  sises."     in 
Products:   Pound,  ton,  "American  sises."     Sises  of  Pipe  for  Oae,  Waier, 
American  sises." 

In  Ship  and  Boat  Building:  "Same  as  in  United  SUtea."     M«risu  Mt 
"American  sites." 

Hay  at  Wholesale:   Libra.     Grain  at  WholeeaU:   Carga,  libra,  medida.     Mmi  of 
Libra,  pound.     Root  Crops  at  Wholeeale:    Pound.    Coffee  at  Wkoleeak:   Onfii.  Kbm.     If  A 
Wholeeale:  Liter.     Butter  and  Cheese  at  Wholeeale:  EngUah  arroba,  UbiindOb 
WhoUeale:  Libra,  pound.     Rubber  at  Wholeeale:  Pound,  libra,  quintaL 
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law,  we  run  the  risk  of  punishment."    "The  introduction  of  the  new  pyvtem  prored.  howercr,  i 
difficult  and  tedious  process." 

Uruguay  "adopted"  the  metric  ^tem  in  1862. 

VENEZUELA 

(Summary  of  .five  returned  questionnaires) 

Oroceriet:  Libra,  kilogram.  PruitM:  Kilogram.  Libra.  Milk:  "Jar  of  27  botellaa,"  liter. 
Butter  and  Ch«e*e:  Libra,  kilogram.  Other  Farm  Producte:  Libra,  metrio.  Hardware:  Libra, 
metric.  Pieh:  Libra,  kilogram.  Meat:  Libra,  kilogram.  Flour:  Libra,  kilogram,  arroba.  T«* 
and  Coffee:  Libra,  kilogram. 

Dry  Qoode:  Vara,  meter,  yard. 

Fxul:  Tonelada,  metric  ton. 

Tchacco:  Metric. 

Ready-Made  Clothino:   Inch,  centimeter.     Hate:    Centimeter,  inch.     Cotkwe:    Cetttimeipr- 
inch.     Underwear   and   Hoeiery:    Centimeter,    inch.     Shoee:    Centimeter,    American   number* 
"An  arbitrary  measure  equal  to  about  3/4  of  a  centimeter."     Qlovee:  French  numbers, 
numbers.     Coreeta:  Centimeter,  inch.     "The  measures  of  the  country  from  which  the  goods 
imported  are  used." 

For  the  Meaeurement  of  Land:  Hectare,  square  kilometer,  square  league,  sugar  land  in  bdblor* 
(  "  0.7  hectare),  square  meter. 

Lumber  and  Timber:  Square  pie,  metric. 

By  Carpenter*  and  Other  Woodworkere:  Square  pie,  metric  "Some  carpenitn  do  •cUmUjT 
work  in  English  inches."  By  Tailore  and  Seametreeeee:  Centimeter,  rara.  yard,  mctar.  0|r 
Stone  and  Brick  Maeone:  Metric,  fanega. 

In  Machine  Shape:  Libra,  foot,  metric. 

In  Contrade  for  Excavation  of  Ground:  Metric.     In  Minee  and  for  Mining  ProdweU:  Matrie* 
In  Smelting  and  for  Smelter  Producte:  Metric.     Sieee  of  Pipe  for  Qae,  Watm',  Smeere,  Ete^  lach^ 
metric. 

In  Ship  and  Boat  Building:  Metric,  English.    Marine  Meaeuremente:  Metric  Rnglwh     **In 
navigation  and  geography  miles  are  used;  for  the  rest,  metric." 

Hay  at  WhoUeale:   Metric.    Grain  at  Wholeeale:   Kilogram,  metric  quintal,  faiMi*.    Mmi 
at  WhoUeale:   Arroba.  metric.     Root  Crope  at  Wholeeale:    Metrio.     Co#Sf  at  WkoUmU 
quintal.     Milk,  Butter  and  Cheeee  at  Wholeeale:  Metric. 

Railway  Tariff  for  Paeeengere  and  Freight  (Load  and  Distanoe):  Metrie  qointal. 
kilometer,  cubic  meter.  Locide  and  Ratee  for  City  Traneportation:  Metrie  quintal, 
Loade  and  Ratee  for  Traneportation  by  Muleback  Acroee  the  Mountaine:  Metric  quintaL 
Track  Gagee  and  Length  of  Linee:  Meter,  kilometer.  Railway  Equipment  (viuto  umi  in  tk§  cs»- 
etructxon  and  repairing  of  /oeomo/twt,  care,  etc.):  "Inches  on  English  lines;  metrie  vnit*  on 
Ciennan  railway." 

"Not  only  is  it  illegal  to  use  any  other  weights  and  measures  [than  tluiM  of  tbo  molrie  «»- 
tern],  but  a  merchant  is  subject  to  punishment  even  for  having  them  in  his  poHMiioii.  Ite  Ia* 
portation  of  weights  and  measures  other  than  the  legal  is  also  prohibitad  and  m  tbo  nathocitias 
have  destroyed  the  old  ones  whereover  possible  distinct  progress  toward  the  nniiwl  ndoplfan  of 
the  new  system  has  been  made.  In  spite  of  the  stringency  of  the  laws  the  peopio  at  laici^  i 
in  the  country,  still  cling  to  the  old  units  in  their  every-day  life  and  talk  and  think  in  tonno  of  < 

"The  people  in  the  interior  of  the  country  are  not  at  all  accustomed  to  tbo  motric 
and  always  use  the  old  system." 

Venesuela  "adopted"  the  metric  system  in  1857. 
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the  past  measured  the  "efficiency  of  our  business"  by  the  doDan 
acquired  rather  than  by  the  goods  produced.  The  efficiency  engmeer 
of  the  past  has  in  too  many  cases  devoted  himself  exclusively  to 
making  more  efficient  the  business  of  securing  dollars.  In  otha 
words,  he  has  served  the  business  system  primarily  in  the  accumu- 
lation rather  than  in  the  production  of  wealth. 

5  A  business  system  bent  on  the  accumulation  rather  than  on 
the  production  of  wealth,  which  would  even  curtail  the  production 
of  wealth  if  thereby  a  larger  measure  could  be  brought  into  its  own 
coffers,  must  needs  finally  run  to  the  limit  of  its  tether,  and  a  method 
which  makes  more  efficient  such  a  system  shortens  the  time  which 
it  has  to  run.  An  efficiency  engineer  who,  consciously  or  uncon- 
sciously, served  the  business  system  in  the  exploitation  of  workmen, 
necessarily  got  the  ill-will  of  the  workman.  He  later  got  the  ill-wiD 
of  the  business  man,  who  found  that  the  amount  of  wealth  he  could 
get  by  exploitation  was  strictly  limited.  I  am  not  claiming  that 
all  efficiency  engineers  have  done  this,  nor  that  even  those  who  have 
done  it  have  been  conscious  that  they  were  producing  a  condition 
to  which  there  must  be  an  end.  They  were  simply  serving  "businesB 
as  usual,''  which  puts  more  effort  in  harvesting  the  crop  than  in 
producing  it. 

6  When  the  great  war  broke  out  in  1914,  it  became  evident  to 
all  those  who  gave  it  serious  consideration  that  the  production  of 
goods  for  the  benefit  of  the  community,  and  not  the  production  of 
wealth  for  the  benefit  of  those  who  control  the  industries,  was  the 
task  which  had  been  set  the  nations  engaged.  It  took  En^bnd 
more  than  a  year  to  learn  this  lesson,  and  we  should  have  been  fully 
prepared  for  it  in  1917  when  we  were  drawn  into  the  maelstrom. 
That  we  were  not  prepared  for  it,  and  that  many  believed  we  could 
stilPcontinue  business  as  usual,  is  now  history.  We  have  learned, 
however,  that  production  for  the  benefit  of  the  community  was  the 
only  basis  on  which  we  could  carry  the  war  to  a  successful  conclusion. 
This  has-been  emphasized  by  the  elimination  of  "non-essential'* 
industries. 

7  There  is  another  reason  why  the  term  efficiency  has  been 
brought  into  disrepute.  In  the  past  our  cost-keeping  methods 
have  always  loaded  on  to  the  part  of  the  shop  which  produoed  the 
goods  the  total  expense  of  the  shop,  including  the  part  that  was 
idle.  For  instance,  in  a  shop  having  two  expensive  marhinsSi  it 
was  tlie  habit  to  load  on  to  the  product  the  expense  of  both  ma- 
chines, whether  the  goods  were  produced  by  one  or  Iqr  both.    Under 
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}uch  conditions,  if  one  machine  did  the  work  of  two,  the  product 
^ras  still  charged  with  the  expense  of  both,  and  the  full  benefit  from 
:he  increased  efficiency  was  not  apparent  to  the  owneTi  who  saw 
)nly  the  saving  in  wages.  He  did  not  see  the  saving  in  plant.  He 
lid  not  comprehend  clearly  that  if  he  doubled  the  output  of  his 
nachine  he  could  double  the  output  of  his  plant  without  additional 
expense.  In  other  words,  that  he  was  also  making  his  capital 
^wice  as  efficient.  It  is  hard  to  see  why  he  did  not  see  thiS|  except 
^hat  the  system  of  cost-keeping  seemed  designed  to  hide  it.  The 
term  "efficiency"  then  seemed  to  have  no  connecticm  with  capital 
3r  investment,  but  only  with  labor. 

8  Under  such  conditions  there  was  but  Uttle  inducement  to  the 
)wner  to  make  his  machines  produce  more,  and  the  reverse  of  an 
nducement  to  the  workman,  who  was  thereby  laid  aS  or  saw  his 
'riend  laid  off.  This  fatal  error  which  caused  the  oppoflttioii  of  the 
workman,  and  the  lack  of  sjnnpathy  on  the  part  of  the  eaakployetf 
vas  evidently  due  to  a  false  accounting  syst^n,  ^diich  was  devised 
:o  put  all  the  biuxlen  of  inefficiency  on  the  workman. 

9  When  the  great  war  started  in  1914,  and  tiie  wheels  of 
ndustry  slowed  down  to  such  an  extent  that  it  was  impossible  for 
:he  product  turned  out  to  bear  the  expense  which  had  previoudy 
Deen  distributed  over  a  production  three  or  four  times  as  large, 
most  people  said,  '^ These  are  extraordinary  times;  therefore  we 
shall  have  to  lay  our  cost  system  aside  to  keep  till  the  war  is  over." 

10  Some  people,  however,  realized  that  a  system  which  is  not 
;ood  for  an  emergency,  when  it  is  most  needed,  has  something 
adically  wrong  about  it,  and  set  to  work  to  find  out  what  the  fiaw 
vas,  and  this  was  the  answer  they  arrived  at: 

11  The  product  of  a  factory  must  bear  only  the  expense  used 
o  produce  it.  It  cannot  bear  the  expense  of  idle  machinery  which 
lid  not  contribute  to  its  production.  This  statement  is  such  a  radi- 
:al  departure  from  the  ordinary  cost-keeping  system  that  it  pro- 
iuces  a  shock  to  the  business  man  who  has  a  theory  that  he  must 
omehow  or  other  get  back  all  of  his  expenses.  He  seems  to  feel 
hat  he  is  entitled  to  interest  on  aU  the  money  he  has  invested, 
i-hether  it  produces  anything  or  not.  Under  such  conditions  he 
5  not  seriously  worried  so  long  as  he  can  sell  his  product  for  a  price 
ligh  enough  to  give  him  the  profit  he  considers  himself  entitled  to. 

12  Some  of  the  keener  business  men,  however,  have  seen  the 
law  in  this  argument,  and  have  reaUzed  that  idle  capital  is  no  more 
sntitled  to  wages  than  idle  labor,  and  have  b^un  smoudy  to  study 
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their  plants  to  find  out  how  they  can  use  them  to  their  full  ci^Muaty. 
The  result  of  this  investigation  is  twofold: 

a  It  does  not  result  in  laying  off  men,  but  gives  employment 
to  more  men,  which  secures  the  good-wiU  of  the  worker 

b  It  not  only  reduces  the  expense  of  maintaining  machinery 
in  idleness,  but  turns  out  a  greater  product  from  which 
revenue  is  gotten. 

13  Some  would  say  that  this  is  a  beautiful  theory,  but  it  doesn't 
work  that  .way.  I  answer  unhesitatingly,  after  more  than  three 
years'  trial,  that  it  does  work  that  way  and  that  none  of  thoee  people 
who  have  adopted  it  would  for  a  moment  think  of  going  back  to  the 
antiquated  method  of  cost-keeping  which  they  have  given  up. 

14  The  ke3niote  of  such  a  system  is  the  eUmination  of  idlenesB 
and  the  production  of  goods*.  Moreover,  there  is  no  antagonism  in 
such  a  scheme  between  employer  and  employee,  for  each  gets  the 
reward  for  what  he  does. 

15  To  the  conservatives  this  would  seem  almost  revolutionary, 
and  fraught  with  consequences  of  which  they  cannot  see  the  end, 
but  it  is  democratic  and  absolutely  in  harmony  with  the  patriotic 
doctrine  which  is  being  preached.  It  enables  us  to  change  auto- 
matically our  slogan  of  '^business  as  usual"  into  "business  for  pro- 
duction and  victory." 

16  In  a  few  words,  then,  if  we  will  eliminate  our  false  cost-keep- 
ing methods,  and  put  in  those  that  are  correct,  we  shall  not  only 
benefit  both  employer  and  employee,  but  go  a  long  way  toward 
the  democratization  of  industry. 


In  presenting  his  paper  the  author  pointed  out  that  on  the  battle 
front  war  was  competition  in  destruction,  while  behind  the  lines  it 
WHS  comi)ctition  in  production.  He  quoted  Prof.  C.  R.  Mann  as 
saying  that  war  was  eight-tenths  engineering,  and  that  the  engineer 
wius  the  great  production  factor  in  the  commonwealth.  That 
through  the  efforts  of  engineers  the  war  had  been  prolonged  four 
y(»ars,  and  that  it  was  certainly  they  who  had  won  it.  The  ncart  thing 
was  to  find  out  what  part  the  engineer  was  to  play  in  keeping  the  war 
von. 

He  then  led  up  to  the  point  where  he  hoped  the  engineer  would 
he  a  more  influential  factor  in  the  conduct  of  national  affairs  than 
heretofore,  because  he  had  demonstrated  that  he  knewe  wkai  to  do 
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the  available  carrying  capacity  in  anj-  direction  for  several  months 
ahead. 

Mr.  Clark  had  a  few  typical  charts  projected  on  the  screen,  the 
first  showing  the  rate  of  import  of  nitrate  from  Chile  to  this  countiy. 
Of  this,  800,000  tons,  or  more  than  half  the  output,  was  called  for  in 
the  course  of  the  year.  To  this  work  1 75  ships  were  detailed.  Charts 
11  in.  by  17  in.  in  size  were  ruled  up  in  such  a  way  that  the  vertial 
columns  represented  days,  weeks  and  months,  proceeding  towarl 
the  right.  The  descriptive  items  for  the  spaces  between  the  hori- 
zontal rulings  were  placed  along  the  left-hand  margin.  From  these 
toward  the  right  were  drawn  heavy  lines,  the  length  indicating  how 
near  up  to  date  the  deliveries  were.  The  space  represented  both  the 
time  and  the  amount  to  be  dehvered  in  that  time;  the  line  repre- 
sented the  actual  dehvcries.  In  the  case  of  the  ship  record  there 
was  one  horizontal  space  for  each  ship.  From  the  record  oouU  be 
told  the  weight  of  cargo,  how  long  it  took  each  ship  to  make  a  round 
trip,  and  when  it  could  be  expected  to  arrive.  At  the  end  of  each 
month  the  various  burdens  could  be  added  up  and  note  taken  of  the 
progress  made.  It  was  possible  to  observe  from  these  charts  the 
over-supply  as  well  as  the  deficiency  of  about  a  hundred  neooBBvy 
commodities,  and  this  furnished  the  required  means  of  regulating  the 
activity  of  the  ships. 

Another  slide  showed  a  similar  chart  applied  to  recording  the 
progress  made  on  certain  field-artillery  mechanisms.  Each  mech- 
anism had  to  go  through  07  different  operations  in  manufacture- 
The  desired  output  was  10  mechanisms  a  day,  and  if  the  horiaontal 
lines  or  bars  on  the  chart  were  all  of  equal  length,  that  would  mean 
70  mechanisms  completed  each  7-day  week.  However,  the  charts 
showed  that  some  operations  were  proceeding  at  the  proper  ra^ 
some  were  ahead,  while  others  lagged  behind,  their  lines  being  abort, 
and  therefore  demanded  special  effort  in  order  to  meet  promiied 
deUveries  of  completed  sct^*^. 

A.  T.  Clarke'  exhibited  slides  of  charts  showing  the  movenesti 
of  over  7500  ships,  150  of  which  were  employed  in  supplying  €Oal 
from  Chesapeake  points  to  New  England  ports.  Instead  of  a  lifllk 
horizontal  bar,  a  series  of  circles  and  special  characters  were  phflvi 
in  the  horizontal  colunm  for  each  ship,  at  the  required  datflii  A 
circle  represented  the  face  of  a  clock,  a  closed  circle  denoting  a  foD 
shift  of  10  hours'  idleness.     \  s\inhol  inside  of  a  complete  or  aa 

1  Brighton  MilU,  Puij8uic,  N.  J. 
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showing  the  status  of  the  work  at  the  date  they  appeared.    The  rate 
of  receipt  of  structural  material  was  thus  apparent  from  the  chartei 
the  rate  of  erection,  rivet  driving,  installation  of  equipment,  etc. 
The  Emergency  Fleet  Corporation  had  been  instrumental  in  havii^ 
this  simple  and  effective  chart  system  introduced  at  90  per  cent  of  ^ 
the  shipyards  to  which  it  had  been  presented. 

S.  B.  Barrows,^  described  and  had  shown  on  the  screen  a  nunm*^ 
of  the  Gantt  type  of  progress  charts  which  had  proved  of  great  v^^* 
in  systematizing  the  proper  rate  of  production  of  completed  airplai 


James  J.  Reynolds  showed  charts  devised,  with  the 
of  Mr.  Gantt,  for  accelerating  the  production  of  artillery  ammi^-^* 
tion  at  the  Frankford  Arsenal.    Blueprints  of  these  charts 
regularly  sent  tof  Washington  and  information  thus  imparted  wi 
out  entaiUng  the  vast  amount  of  correspondence  previously  requii 


H.  J.  Swallow,^  of  the  Emergency  Fleet  Corporation,  exhibi 
a  number  of  record  charts  that  had  been  found  necessary  for 
curing  in  due  time  the  thousands  of  articles  required  in  the  comp^ 
tion  of  ships. 

Capt.  Charles  E.  Davies'  illustrated  the  use  of  the  Gan 
progress  charts  as  applied  to  the  manufacture  of  fuses.    He  sta^ 
that  the  charts  had  been  of  great  service  in  registering  the  rate 
production  and  the  relative  efficiency  of  the  departments. 

■ 

John  E.  Mullaney  showed  charts  used  for  greatly  facUitatini 
the  production  of  complete  machines,  and  indicating  at  once  whe: 
a  portion  of  the  equipment  was  not  producing  its  rated  output. 

Frank  B.  Gilbreth  moved  that  Mr.  Gantt  be  asked  to  submi 
to  the  Society  a  general  progress  chart  for  the  use  of  all  b 
embodying  his  latest  ideas  —  a  chart  that  could  be  used  as  a  stand 
ard,  which  motion  was  put  to  vote  and  duly  carried. 

Walter  N.  Polakov  said  that  the  old  business  system  had  in-* 
volved  great  wastes  of  life,  health,  time  and  natural  resouroeB,  but 
as  it  liad  succeeded  in  making  profits  out  of  these  wastes,  efficiency 
in  the  pa^t  had  not  become  a  part  of  business  policy.    If 

»  I)e  Laval  Steam  Turbine  Works,  Trenton,  N.  J. 

•  (Vlluloiil  Co.,  Ncwiirk,  N.  J. 

*  HtMuingtoii  Ty|)ewnter  Works,  llion,  N.  Y. 
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ington's  problem  was  one  of  production  and  hence  that  an  organ- 
ization such  as  General  Crozier's  was  built  primarily  for  production. 
The  organizations  which  they  understood  were  built  primarily  fw 
profit;  but  the  country  did  not  need  profits,  but  goods. 

The  result  was  that  General  Crozier  was  ousted  and  his  whok 
plan  of  organization  of  the  Ordnance  Department  went  to  pieces. 

Although  General  Crozier's  plans  had  been  thus  disrupted  hy 
his  successor,  a  start  on  the  same  lines  had  already  been  made  in 
the  U.  S.  Shipping  Board,  and  from  there  the  methods  gradu^^Uy 
spread  to  other  Government  departments,  including  finally  the 
arsenals.  Had  the  original  plans  of  General  Crozier  been  carM^^ 
out,  the  author  believed  there  would  have  resulted  less  trouble  in 
the  supply  of  ordnance  and  many  lives  lost  in  France  would  la^Bvc 
been  saved. 
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in  their  eSorti  (o  nunru 
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instead  of  for  precision  work,  its  lead  or  pitch  will  be  irr^ular  ta  i 
greater  or  less  extent.  The  total  deviation  of  the  lead  screw  must 
then  be  determined,  and  the  lead-adjusting  attachment  (Fig.  1)  get 
to  give  the  correct  compensation. 

4  The  thread  cut  on  a  soft  gage  must  always  be  slightly 
different  from  standard  or  finished  pitch  by  an  amount  equal  to 
the  expected  change  during  hardening.  This  correction  must  also 
be  made  by  the  lead  variator, 

5  Adjusting  attachments  like  that  in  Fig.  1  compensate  ttiAy 
well  for  errors  in  the  lead  screw  which  are  constant  at  any  part  of 


P'lQ.'  1    LGAD-.'^iMDsTiKa  Attaciiuekt  for  Latue 

its  length.     They  do  not,  however,  take  care  of  the  trouble  of 
"high  and  low"  threads. 

CHASING   TOOt^ 

6  Given  a  fairly  good  lead  screw,  the  next  mechanical  oeceasity 
is  a  good  cutting  tool  correctly  held.  Such  tools,  with  removable 
cutting  blades,  are  shown  in  Figs.  2  and  3,  one  for  inside  and  the 
other  for  outside  chasing.  The  fixture  for  grinding  the  toed  for 
outside  chasing  is  also  sliowii  in  Fig.  4. 

7  The  tlireading-tool  blades  in  Figs.  2  and  3  are  made  to  cut 
on  a  20-<Icg.  clearance  angle.  This  clearance  angle  makes  the 
actual  includod  angle  of  the  tool   blade,  normal  to  the  strai^- 


jttJng  edge  of  the  tool  blade,  63  deg.  and  8  mio.   The  thread  poore 
lit  by  a  proper  threading  tool  should  preferably  be  fnsn  15  to  80 


Fid  2    Tool  pok  Iimra  Cbabdio 


Outside  CHAsiMa 


in.  sliitrp  in  order  to  fficilitate  the  lapping  operatioD.  For  all 
■dinar>-  X'.  S.  standard  pitches  the  threading-tool  blade  is  set 
ith  its  axis  at  right  angles  to  the  axis  of  the  gage.     It  is  only  for 
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Acme  or  similar  verj'  coarse  thread  work  tliat  it  is  necessary  to 
incline  the  threading  blade  to  a  line  parallel  to  the  helix  angle  of 
the  gage  being  threaded.  Wlien  this  helix  angle  is  verj-  steep  it  l* 
necessary  to  modify  tlie  included  angle  of  the  cutting  edge  so  that 
the  angle  cut,  on  a  plane  with  the  axis  of  tlie  gage,  vnll  be  as  re- 
quired by  specification. 

8  There  is  great  diflicnlty  in  getting  men  who  are  good  at 
threading.  Good  threaders  seem  to  be  born,  not  made.  The 
work  nKjuires  a  combination  of  brain,  mechanical  ability,  sensitive 
touch  and,  above  all,  patience.  Some  otherwise  good  mechanicf 
can  never  make  good  threaders.  A  green  man  with  a  phlegmatic 
(emperament  is  a  hkely  candidate  for  development.  Few  girls  can 
bo  dc%'eloped  into  handling  fine  threading  —  it  requires  just  a  little 


I'li;.  I     KiSTURK  TO  Sharw:n  Tooia  for  OtminF.  Chasinr 

more  met-hanic:tl  ^'nse  than  anj'  apjircciablc  niimlwr  have  had  time 
to  anguire.  The  (iovornmcnt  slioul<l  he  careful  about  taking  men 
from  gage-threading  hkthes,  es[K>ciully  when  on  the  xaine  day  an- 
other branc)i  of  the  (iovernnicnl  may  send  an  urgent  appeal  to 
iiii'rcasc  or  even  iloubic  the  production  of  giigeH. 

!t  Wil)i  goixl  men,  fair  hillies.  the  best  cutting  tools  and  the 
exen-ise  of  constant  caiv.  it  is  possible  to  get  threading  of  gAfCn< 
down  to  a  limit  of  accnnicy  which  falls  within  the  variations  due 
til  hanicniiiK.  IF  a  perfcii  itinldur  of  threail  and  perfect  angle, 
lend  and  walls  could  l>e  st<curcd  when  threading  in  a  lathe,  it  would 
not  l>o  neecssar>'  to  leave  more  than  (MK>I>2  to  O.UOOt)  in.  ovorKiae. 
knowing  that  hardenini:  would  incivasc  this  to  from  (KOQIA  to  0.0020 
in.     Hue  tn  irregular  swelliiif:.  shnnking  and  warping  from  thread 
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to  thread  in  the  hardening,  however,  a  certain  amount  of  stock 
must  be  left  on  so  that  no  point  of  the  gage  will  be  distorted  outside 
of  the  limits  of  the  metal.  If  the  thread,  for  instance,  should  take 
a  quirk  to  the  right  so  that  its  center  line  was  displaced  at  the  top 
of  the  crest  by  0.0009  in.  and  the  metal  had  been  left  0.0015  in. 
larger  than  finished  size,  the  reduction  to  finish  could  be  made  and 
still  leave  a  complete  crest. 

10  Since  a  margin  must  be  left  for  the  vagaries  of  hardening, 
the  necessary  tolerance  in  lathe  threading  can  probably  be  obtained 
by  the  precautions  noted. 

11  Formerly  it  was  conmion  practice  to  make  the  outside 
diameter  of  limit  plug  thread  gages  imiformly  ovendse  in  direct 
proportion  to  the  oversize  of  pitch  diameter.  This  practice  was 
wrong  because  of  the  danger  of  the  maximum  or  not-go  plug  form- 
ing contact  on  the  outside  diameter  of  the  tapped  hole  and  yet 
giving  no  indication  as  to  the  actual  size  of  hole  on  the  pitch  diam- 
eter or  the  thread  walls. 

12  In  view  of  the  fact  that  both  the  go  and  not-go  plugs  are 
over  basic  or  maximum  screw  size,  they  should  both  be  provided 
with  a  minus  tolerance  below  the  mminniini  tapped-bole  outside 
<iiameter,  in  order  to  assure  that  the  gage  will  positively  check  the 
angular  diameter.  This  can  be  done  since  there  is  no  danger  of 
the  screws  forming  contact  with  the  outside  diameter  of  the  tapped 
liole. 

SCHEDULING   ORDERS   BY   GROUP-^ 

13  One  great  difficulty  in  manufacturing  for  Government  or 
priority  war  orders  marked  **rush,"  is  that  the  orders  cannot  be 
scheduled  in  the  most  efficient  and  sensible  way,  and  in  the  end 
the  speediest  way.  There  is  really  no  reason  why  all  orders  calUng 
Tor  the  same  outside  diameter  and  same  length  over  all  should  not 
be  grouped  in  turning,  and  so  enough  blanks  run  through  to  cover 
Drders  for  various  pitches.  Again,  in  the  thread-lathe  room  gages 
Df  the  same  number  of  threads  per  inch,  but  differing  by  one  or  two 
thousandths  in  pitch  diameter,  could  be  chased  out  as  members  of 
the  same  group.  They  could  be  run  through  with  one  set-up  of  the 
lathe,  and  save  on  the  average  30  per  cent  of  the  cost  of  the  same 
orders  ungrouped.  Since  small  similar  orders  like  this,  varying 
only  by  differentials,  constitute  about  half  of  the  output  of  the 
gage  factory,  such  a  grouping  would  save  about  one-sixth  of  all  the 
expense  of  the  department  as  conducted  under  present  methods. 
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14  The  reason  that  this  cannot  be  done  now  is  that  when  a 
rush  priority  order  for,  say,  two  i\-in.  24-thread  gages  comes  in 
it  has  to  be  routed,  started,  put  through,  and  finished  at  once. 
Then,  if  the  next  Al  priority  order  is  for  eight  3-in.  8-thread  gagps, 
these  must  immediately  follow,  without  waiting  for  another  small 
size  which  might  be  done  with  the  same  setting  of  the  lathe  and 
which  perhaps  is  equally  important  but  which  happened  to  come 
in  a  little  later.  If  a  batch  of  the  same  size  were  put  through  all 
at  once,  so  much  time  would  really  be  gained  that  the  succeeding 
orders  meanwhile  sent  in  by  the  Government  would  be  done  con- 
siderably sooner,  in  the  long  run,  and  the  Government  be  much 
the  gainer  in  aggregate  time. 

15  Accurate  micrometers  or  gages  should  be  constantly  used 
over  all  parts  of  the  thread  while  in  process,  and  accurate  lead 
testers  and  gages  should  be  constantly  on  hand  in  the  workroom 
itself. 

HARDENING 

16  The  hardening  question  has  always  been  the  bane  of  thread- 
ing. A  series  of  t^sts  made  some  time  ago  by  laboratories  of  manu- 
facturing firms  throughout  the  country  demonstrated  that  threading 
on  taps  and  dies  can  be  gotten  down  to  any  reasonable  limit  of 
accuracy,  but  that  this  is  not  true  of  hardening.  The  inaccuracies 
in  taps  and  dies,  manufactured  as  is  necessary  by  quantity  methods, 
in  general  appear  after  hardening  and  are  not  present  in  the  soft 
product.  The  same  is  true  of  gage  threads,  only  of  course  the 
error  involved  is  proportionally  of  more  importance  on  such  fine 
work. 

17  During  the  process  of  hardening  there  is  in  the  minority  of 
cases  an  increase  or  swelling  in  diameter  and  a  shrinkage  in  length, 
resulting  in  a  shortening  of  lead,  but  the  extent  to  which  this  occurs 
vdW  vary  in  different  pieces.  Even  with  the  quenching  bath  and 
the  temperature  of  furnace  kept  uniform,  the  swelling  in  diameter 
in  one  set  of  duplicate  samples  of  about  an  inch  in  diameter  varied 
from  0.0008  to  0.0024  in.  and  the  lead  error  varied  from  0.0005  to 
0.0025  in. 

18  In  general,  the  best  hardening  method  for  gages  can  be 
(h^seribed  as  follows:  Ascertain  the  lowest  heat  which  will  give  the 
proper  depth  of  carbonization,  in  a  reasonable  time,  and  nest 
ascertain  the  heat  at  which  the  gage  will  properly  harden  upon 
({uenching.  and  maintain  these  two  features  within  the  closest 
possible  limits  of  uniformity. 
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LAPPING 

19  If  the  lathe  work  has  been  done  correctly  and  the  hardening 
without  distortion  the  thread  can  be  smoothed  to  a  finish  by  lapping 
off  not  much  more  than  0.00Q2  in.  Under  ideal  conditions,  there- 
fore, this  would  be  the  amount  of  oversize  that  would  be  specified 
for  gages  coming  into  the  lapping  room«  A  much  neater  and 
quicker  job  of  cleaning  the  thread  to  size  could  then  be  done,  and 
the  cost  of  lapping  would  go  down. 

20  However,  not  only  excessive  oversizes  but  distorted  pieces 
come  into  the  lapping  room.  The  lapping  process  can  to  a  certain 
extent  take  out  these  inequalities  as  well  as  smooth  the  surface  of 
the  chased  thread.  It  should  be  emphasized,,  however,  that  the 
lapping  process  is  not  for  this  purpose  and  that  every  correction 
that  has  to  be  made  in  the  lapping  costs  excessively  and  slows  up 
the  other  work.  Lapping  should  not  be  depended  upon  to  do 
correcting,  but  the  threading  should  be  in  correct  shape  before 
reaching  the  lapping  room. 

21  If  the  ajigle  of  the  thread  is  slightly  too  wide  or  narrow 
or  tipped  to  one  side,  a  skillful  lapper  can  correct  it.  If  the  lead  is 
a  trifle  too  long  or  short,  the  lap  can  take  it  back  to  the  proper 
length,  by  wearing  the  surface  off  on  one  side  or  the  other  of  each 
thread.  If  the  pitch  diameter  is  too  large,  it  can  be  worn  down. 
Kut,  of  course,  there  is  a  limit  to  the  amount  that  can  be  worn 
off  by  hand-applied  friction,  using  the  general  form  of  thread  as  a 
guide,  and  still  retain  an  accurate  contour.  It  is  practicable  to  take 
off  a  total  of  0.0015  by  lapping  without  spoiling  the  shape,  if  it  is 
clone  carefully  on  only  one  gage.  Therefore,  allowing  part  of  the 
overstock  for  smoothing,  if  the  errors  are  not  cumulative  or  all  in 
t  he  same  direction,  it  is  possible  in  lapping  out  0.0015  in.  oversize 
in  diameter,  to  take  care  of  an  error  of  0.0005  in.  in  lead  and  15 
iiiin.  one  way  or  the  other  in  the  angle. 

22  Two  forms  of  lapping  machine  for  thread  plug  gages  are 
sho^^-n  in  Figs.  5  and  6.  The  machine  shown  in  Fig.  5  is  for  lapping 
parallel  thread  gages.  The  machine  shown  in  Kg.  6  is  for  lapping 
taper  threads,  such  as  pipe  threads. 

23  Soft  steel  laps  are  most  easily  chased  out  smoothly  and 
are  the  most  durable.  Some  prefer  cast-iron  laps,  however.  The 
lap  is  an  important  part  of  the  work;  it  must,  of  course,  be  threaded 
more  accurately  than  the  gage  which  it  is  to  correct.  Flour  of 
emer>'  makes  the  most  satisfactory  lapping  medium  for  thread 
gages,  particularly  for  lapping  the  thread  walls. 
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24  In  view  of  the  fact  that  a  thread  gage  can  be  no  better 
than  the  lap  which  finished  it,  it  stands  to  reason  that  laps  must 
be  made  just  as  accurately  as  is  possible,  and  therefore  in  order  to  gpt 
the  most  possible  use  out  of  a  lap  it  is  essential  that  the  threaded 
work  which  is  ultimately  to  be  lapped  be  also  made  as  carefuUy 
and  accurately  as  possibly  can  be  done.  It  is  not  profitable  to 
leave  any  more  corrective  work  for  the  lap  to  do  than  can  possibly 
he  avoided.  As  the  lap  is  of  soft  material,  but  very  little  pressure 
appUed  in  a  false  direction  will  be  sufficient  to  ruin  it.  Girls  may 
be  used  on  lapping  if  ones  with  level  heads  and  the  requisite  sense 
of  touch  are  selected. 

25  Inspection  instruments,  including  a  sufficient  number  of 
gages,  a  projection  apparatus  and  micrometers,  should  be  on  hand 
in  the  lapping  room  for  the  use  of  all  employees,  who  should  be 
trauied  to  use  them  and  to  interpret  the  measurements. 

GRINDING  THREADS 

26  Grinding  out  the  inaccuracies  in  the  large-size  threads  is 
much  more  expeditious  and  cheaper  than  lapping  them  out.  The 
problem  of  grinding  threads  becomes  difficult,  costly  and  impracti- 
cable, however,  below  a  certain  minimum  size,  in  general,  for  the 
following  reasons: 

27  In  grinding  out  a  V-thread  as  near  as  practicable  down  to 
the  theoretical  triangular  point,  as  is  done  in  thread  gages,  there 
is  intensified  friction  upon  the  deUcate  edge  of  the  wheel  and  it 
w(»ars  away  very  quickly.  It  could  not  be  used  at  all  were  it  not 
for  the  fact  that  the  extreme  edge  of  the  wheel  does  not  have  to  be 
maintained  absolutely  as  an  acute  angle. 

28  Although  the  profile  of  the  gage  thread  must  be  kept  accu- 
rately straight  along  seven-eighths  of  the  wall,  the  remaining  eighth 
in  the  extreme  root  can  be  allowed  to  become  a  little  rounded  ofiF, 
since  it  will  not  engage  any  part  of  the  thread  but  will  be  used  as  a 
clearance  space.  Now  an  eighth  of  a  large  pitch  on  a  large  diameter 
giv(»s  the  wheel  edge  considerable  margin  for  wear.  The  absolute 
length  of  this  margin  decreases  toward  the  point  in  proportion  as 
the  pitch  from  thread  to  thread  decreases,  and  soon  the  point  is 
reached  where  the  allowable  eighth  margin  at  the  edge  of  the  wheel 
wears  away  too  fast  for  practicable  replacement  of  wheels.  One 
wheel  should  do  at  least  one  complete  gage  before  needing  to  be 
trued  at  all,  since  the  wheel  cannot  be  taken  out  and  put  back  in 
the  same  place  with  any  success.     This  margin  of  wear  on  the 
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35  To  examine  the  contour  of  the  thread,  the  angle  and  the 
loot,  crest,  and  smoothness  of  wall,  a  projection  machine  as  shown 
in  Fig.  9  is  the  only  proper  thii^.  It  instantly  gives  an  enlarged 
silhouette  of  the  thread,  which  speaks  for  itself,  for  the  profile 
can  be  compared  with  pattern  gages  held  upon  tiie  screen  as  in  the 
illustration.  The  silhouette  can  also  be  photographed  for  trans- 
mission to  a  customer  by  inserting  a  film  or  plate  instead  of  Hie 


Fig.  to    Frojl<-tion  Machis~e  for  Checking  Contodr  of  Tbbkad 


ground  glass.  Mechanism  is  provided  for  holding  the  g&ge,  for 
focusing  it  and  for  turning  it  to  the  helix  angle  so  as  to  get  a 
symmetrical  projection  of  the  walls. 

36  Sulphur  casts  of  female  threads  can  be  taken  in  quick  time 
and  at  small  cost,  and  the  contour  examined  in  the  same  quick 
way.  The  method  of  pouring  the  melted  sulphur  into  a  molding 
frame  held  against  part  of  the  thread  so  as  to  get  enough  of  it  to 
give  contour  and  lead,  i?  shown  in  l-'ig.  11. 
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TOLERANCE  ON   QAQES 

37  Ono  great  diffirwlty  with  tlic  businc**  of  man ufactu ring 
thread  gagee  ie  the  iinrcasoDable  and  useless  accuracy  of  gage 
tolerance  and  wear  allowance  sometiines  requested  by  purchasing 
firms.  When  a  tolerance  of  0.(K)02  in.  is  set  on  a  gage  specification. 
it  should  mean  that  the  customer's  tolerance  on  product  is  as  cIom 
as  0.1)01  in.  ]f  the  purchaser's  manufacturing  tolerance  is  any 
broader  than  that,  there  is  no  use  in  keeping  the  g&ge  so  close.  A 
(l.0IH)2  in.  error  wouhl  be  lost  in  the  comparison.     In  order  to  facili- 


tate the  making  and  to  li'»!sen  the  cost  of  thread  gages,  it  is  TcU 
to  allow  nuitc  lilieriil  lolerancps  in  their  nmnufacture,  and  we  rec- 
ommend the  following  as  Itcing  ap|>licable  for  most  cases  vhen 
medium  tolcriim'fs  are  allowed  tm  product : 

;iS  Kn>m  I  to  (J  iiiti-h  allow  a  tolerance  of  (1.0006  in.;  from  7  to 
IS  pitch  nihiw  a  tolerance  of  O.OOftl  in.;  from  20  to  28  pitch  allow 
a  tolerance  of  n.()(H)3  in.;  front  »0  to  80  pitch  allow  a  tolerance  of 
0.(XH)2  in. 

39  The  fon<going  applies  to  master  gages.  For  inspection  gage* 
the  tolerances  would  lie  slightly  wider,  and  would  begin  where  the 


master  inspection  gage 
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TN  the  production,  test  and  use  of  thread  gages  there  has  been  dur- 
ing  the  past  few  years  considerable  development  in  the  methods 
employed  and  the  facilities  available  both  in  manufacturing  plants 
producing  thread  products  and  in  the  inspection  departments  of  tbe 
United  States  Government.  At  the  Bureau  of  Standards  exten- 
sive developments  have  been  made  in  the  design  and  construction 
of  special  apparatus  and  in  the  preparation  of  technical  data  and 
formula  for  the  test  and  measurement  of  thread  gages. 

2  Many  of  the  members  of  this  Society  will  recall  that  through 
the  Gage  Committee  it  was  recommended  that  there  be  a  central 
place  for  the  certification  of  all  master  gages.  The  Committee 
further  recommended  that  inasmuch  as  Congress  has  provided  the 
Bureau  of  Standards  with  a  fund  for  the  certification  of  gages;  and 
furthermore,  inasmuch  as  the  Bureau  of  Standards  was  organised 
and  prepared  to  handle  promptly  the  test  of  all  master  gages,  tbe 
Bureau  be  designated  as  the  official  place  for  the  certification  and 
test  of  gages  for  the  various  departments  of  the  Federal  Government. 
It  is  of  particular  interest,  therefore,  that  the  Society  should  know 
the  developments  that  have  taken  place  along  the  lines  reconunended 
and  in  this  connection  the  present  paper  is  prepared. 

3  It  will  be  realized  that  there  is  quite  a  difference  in  the  pro- 
cedure employed  in  various  gage-making  shops,  inspection  organisa- 
tions and  Government  laboratories,  and  that  to  give  a  rfoum£  of  all 
the  methods  used  by  various  authorities  would  be  quite  out  of  the 
scope  of  this  paper.  The  methods  given  herein,  therefore,  are 
restricted  to  those  which  are  in  use  at  the  Bureau  of  Standards  at 
the  present  time. 

4  In  England  the  standardization  of  thread  gages  has  been 
carried  to  considerable  refinement  by  the  National  Physical  Labora- 
tory and  by  the  Engineering  Standards  Committee  of  Great  Britain, 
an  organization  which  cooperates  with  the  National  Physical  Laboim- 
tory.  In  May  1917  the  Bureau  of  Standards  was  fortunate  in 
being  able  to  confer  at  Washington  with  Mr.  C.  H.  Vidal,  a  repre- 
sentative of  the  National  Physical  Laboratory,  from  whom  draw- 
ings were  obtained  of  the  various  pieces  of  apparatus  used  by  the 
National  Physical  I^iboratory  for  testing  thread  gagw-  Needless 
to  say,  the  Bureau  was  quick  to  adopt  the  practices  which  bad 
been  found  useful  by  the  National  Physical  Laboratory,  and  al- 
though apparatus  such  as  the  projection  lantern  and  pitch-measuring 
machine  had  been  ordered  from  the  National  Physical  Laboratoiy, 
immediate  work  was  instituted  in  the  construction  of  omilar 
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10  There  are  Dumerous  commercial  devices  dedgned  to  save  u 
comparators  for  comparing  one  screw  with  a  standard  and  thus 
determine  the  error  in  pitch.  These  comparaton  are  usually  de- 
signed to  measure  the  pitch  over  an  interval  of  i,  }  or  1  iu. 

MEABUBEMENT  OF  PITCH 

11  After  trying  various  conunercial  machines  for  measuring 
pitch,  the  machiae  adopted  for  this  purpose  by  the  Bureau  d 
Standards  was  of  a  des^  similar  to  that  of  the  National  Phy»- 
ical  Laboratory  of  Great  Britun.    This  machine,  shown  in  Fig.  1,  ii 


cuiMible  of  making  direct  ineasureiiiente  of  pitch,  and  furUieimore  b 
not  limited  to  any  one  thread  interval,  but  determinations  of  the 
lend  between  any  two  threads  may  be  made.  About  twelve  of 
these  machines  have  been  constructed  and  are  in  tue  at  the  varioua 
branch  laboratories  of  the  Bureau  of  Standards.  There  are  incoi^ 
porated  in  these  machines  special  micrometer  screws  deugned  and 
constructed  by  Dr.  J.  A.  Anderson,  who  is  associated  with  Mount 
Wilson  Solar  Observatory,  Piuiadena,  Cal.  These  micrometer  acrews 
are  provided  with  aluminum  heads  which  are  graduated  directly  to 
0.0001  ill.  and  the  screws  Imve  straight-line  calibration  curves  to 
witliin  0.00002  in.  They  are  therefore  very  well  suited  for  the  pur- 
pose for  which  they  are  used. 
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same  point  with  the  stylus  in  the  same  thread  of  the  thread  gage  at 
each  observation. 

15  Questions  have  tieen  asked  as  to  the  result  if  a  thread  gage  ii 
not  concentric  with  the  centers.  If  any  such  indication  is  present 
the  screw  can  be  revolved  180  deg.  and  again  tested,  or  it  may  be 
turned  end  for  end  in  the  centers  of  the  machine.  Experiments  in 
which  this  procedure  was  taken  with  a.  large  number  of  thread  gaga 
indicate  that  the  difhculti&'i  of  this  nivture  are  of  little  importance. 

16  Fig.  2  shows  a  recent  development  of  the  National  Phys- 
ical Laboratory  in  a  pitch-measuring  machine.  This  if>  similar  in 
principle  to'  the  one  just  descrilved.    The  main  difference  to  be  noted 


is  the  use  of  n  mechanical  indicator  which  permits  the  ) 
to  be  operated  in  strong  daylight,  whereas  the  optical  indicator 
requires  a  subdueil  light  or  a  shade  around  the  ground  glaaa.  The 
micrometer-head  nrrangement  in  this  machine  permits  the  lead  emr 
to  be  read  directly. 

MRASURRUENT  OP  FORM  AND  AN0I.6  OF  THBBAD 

17  In  the  measurement  of  thread  form  or  thread  ao^  various 
methods  such  a.-^  those  employing  microscopic  devices,  oonical  tort 
points,  and  other  forms  of  angular  test  pieces  used  in  eoonectioD 
with  visual  in.spci'tiun,  have  been  investigated  and  tried  out,  but 


icUcally  &11  of  these  devices  have  been  discarded  ia  favor  of  tba 
jjecUoii  lantern.  A  general  idea  of  the  anangemoit  uaed  at  tbe 
ireau  of  Standards  for  the  projection  lantern  may  be  obtained 
•m  Fig.  3. 
18  The  operation  of  the  projection  lantern  involves  tiie  i^dng 
the  thread  to  be  examined  in  a  beam  ol  parallel  H^t  aaul,  by 
ans  of  a  suitable  lens  system,  the  projection  of  the  shadow  ot  tbs 
-ead  on  a  distant  screen.  In  the  apparatus  shown  in  Fig.  3,  tbe 
ht  from  a  10-ampere  arc  enclosed  in  houang  L  is  onitted  tiiron^ 
:  condensing  Imis  A  and  directed  toward  the  projecting  Imses  B 
d  C.    The  screw  is  placed  at  the  focus  of  the  lenaee  B  and  C.    The 
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>jection  is  then  directed  upward  by  a  prism  (?  to  a  mirror  (not 
iwn)  which  ia  supported  about  10  ft.  above  the  prism  on  tbe 
umn  K.  The  projection  is  then  directed  down  by  tbe  mirror  to 
■■  top  of  stage  N  which  forms  the  screen  and  carries  the  standu^ 
^e  Af  used  in  the  examin&tion  of  the  thread  form.  As  it  is  neces- 
y  that  the  parallel  beam  of  light  pass  through  the  thread  at  the 
ix  angle  so  that  the  shadow  cast  will  be  a  true  cross-sectioD  of  the 
ead  form,  the  lamp  housing  which  carries  the  cosdenaing  lena  A  is 
oted  about  a  point  beneath  the  lens  B.  This  insures  that  tbe 
an  of  parallel  light  emerging  from  the  lens  A  will  always  be 
ected  at  and  fill  the  lens  B. 
19     Adjustments  for  ExamiruUion.    The  setting  up  of  a  thread 
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gage  for  examination  requires  but  a  slight  amount  of  adjustment. 
The  stand  E  is  provided  with  a  motion  for  raising  and  lowering  the 
thready  a  motion  for  focusing  the  thread,  and  another  motion  for 
moving  it  along  its  axis  in  order  that  various  portions  of  the  thread 
may  be  brought  into  the  center  of  the  screen.  The  screw  to  be 
examined  is  supported  by  the  spring  centers  which  are  carried  on  the 
stand  E,  For  convenience  in  making  observations  it  is  raised  until 
the  center  of  the  beam  of  light  is  passing  the  under  side  of  the  thread. 
The  lamp  L  is  then  turned  about  the  axis  of  its  support  until  the 
parallel  rays  of  light  emerging  from  the  lens  A  pass  through  the  hdix 
angle,  which  happens  when  the  fringe  pattern  formed  about  the 
image  of  the  screw  due  to  imperfect  focus  is  synmietrical.  The 
screw  is  then  brought  into  focus  by  a  slow-motion  arrangement  and 
the  required  adjustments  are  complete. 

20  Measurement  of  Angle.  The  examination  of  the  thread 
angle  is  conveniently  made  with  a  device  shown  on  the  table  in  Fig.  3. 
With  this  arrangement  the  standard  angle  AT,  known  to  be  60  deg., 
is  supported  by  three  columns  on  the  revolving  stage  or  screen  N^ 
which  rests  on  a  graduated  circle  or  protractor  head.  In  the  pro- 
tractor shown  in  Fig.  3  the  graduated  circle  was  obtained  from  a 
theodolite.  During  the  examination  of  the  thread  angle,  the  opaque 
standard  angle  M  is  adjusted  so  that  its  shadow  occupies  the  li^t 
space  of  the  projected  image  which  is  cast  on  the  surface  below  at  J^. 
The  standard  angle  M  is  revolved  so  that  one  side  exactly  matches 
with  the  shadow  of  the  thread  as  cast  below  and  the  reading  of  the 
graduated  head  is  obtained  through  a  magnifying  {^ass.  The  gage 
is  then  shifted  parallel  to  its  axis  by  means  of  a  slow-motion  device 
on  the  stand  E  until  the  image  of  the  other  side  of  the  thread  ap- 
proximately coincides  with  the  other  side  of  the  standard  angjk. 
The  standard  angle  is  then  revolved  by  a  slow-motion  screw  operat- 
ing the  graduated  circle  until  it  again  lines  up  with  the  other  ride  of 
the  thread,  whereupon  a  reading  of  the  graduated  circle  is  again 
obtained.  The  difference  between  the  two  readings  shows  directly 
the  error  of  the  included  angle  or  thread  if  the  standard  angle  M 
represents  the  correct  thread  angle. 

21  Further  application  of  the  protractor  arrangement  is  in  the 
determination  as  to  whether  the  thread  is  symmetrical  about  a  line 
perpendicular  to  its  axis.  Tliis  may  be  verified  by  revolviDg  the 
standard  angle  and  matching  it  with  the  crest  of  the  thready  or  by 
matching  a  straight  c<lge  which  is  placed  perpendicular  to  a  Usector 
of  the  standaril  angle  with  the  crest  of  the  thread. 
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the  Bureau  has  not  developed  a  form  of  shadow  protractor  for  ver- 
tical images,  it  would  not  he  difficult  to  arrange  the  protractor  for 
that  purpose. 

UEASUBEMENT  OF  CORE  DIAUETBR 

28  The  measurement  of  the  core  diiuneter  of  thread  gages  is  in 
most  cases  a  simple  matter.  It  is  mentioned  at  this  point  becauN 
the  examination  of  the  core  diameter  is  generally  included  in  the 
operation  of  investigating  the  thread  angle  and  thread  form  while 
the  gage  is  in  the  projection  lantern  previously  described.  It  is  the 
practice  in  most  specifications  to  call  for  thread  gages  cleared  or  cut 
below  the  nominal  flat  required  by  the  regular  United  States  form  at 
the  root  of  the  thread.    This  is  done  to  facilitate  lapfung.    In  order 


to  detennine  whether  or  not  u  gage  is  properly  cleared  when  e 
ing  the  projected  shadow,  it  is  only  necessary  to  insert  a  a 
templet  corresponding  to  the  pitch  of  the  screw  being  measured.  If 
the  projected  shadow  of  the  thread  shows  that  it  is  clear  below  tha 
templet  form,  it  is  passed  as  being  correct.  Fig.  4  shows  a  thretd 
which  has  not  been  cleared  sufliciently  at  the  root. 

MTIASURRUENT   OP   PULL   DIAHETER 

29  The  measurement  of  the  full  diameter  of  plug  thread  sagM 
is  accomplished  by  the  ordinary  forms  of  flat-face  micrometera  or 
other  suitable  end-measuring  instruments  used  in  connecUoa  with 
properly  authorized  standards.  These  measurements  are  so  siniple 
and  familiar  to  any  one  making  gage  inspections  that  no  furtber 
comment  nill  ))e  made  in  this  comiection. 
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the  outside  or  full  diameter  of  the  screw  being  measured.  The 
effective  diameter  is  not  mentioned  in  these  f ormulse  and  this  often 
leads  to  confusion.  Reference  will  therefore  be  made  here  to  a 
simplified  formula  for  60-deg.  threads  which  results  in  the  direct 
computation  of  the  effective  diameter.    This  formula  is  as  foliows: 

N 
where  E  =  effective  diameter 

M  =  measurement  over  the  wires 
N  =  number  of  threads  per  inch 
0  =  diameter  of  wires. 

In  the  use  of  this  formula  the  term  OMQO/N  may  be  computed  for 
various  pitches  and  the  computations  simplified. 

33  The  general  formula  which  may  be  used  for  any  size  of  wire 
which  will  fit  in  the  thread  and  which  takes  into  account  the  helix 
angle  of  the  thread  for  precision  measurements,  is  as  follows: 

JS  =  M  +  ^2^-  6 (1  +  y/coBec^a  +  s'cota) 

where  a  =  ^  the  included  angle  of  thread 
0  =  diameter  of  the  wires 
8  =  tangent  of  the  helix  angle. 

34  The  above  formula  involves  squares  and  square  root  of 
functions  and  therefore  is  awkward  for  making  computations,  and 
the  following  formula,  which  is  an  expanded  approximation  but 
which  is  accurate  to  better  than  one  hundred-thousandth  of  an  inch, 
is  more  convenient: 

E==M  +  -^r=j-  —0(1  +  coseca  +  ^cosacoto) 

This  formula  is  a  general  approximation  which  may  be  used  for  U.  S. 
form  60-deg.  threads,  Whitworth  55-deg.  threads,  Lowenberts  53-deg. 
8-min.  threads,  and  for  other  threads  of  a  similar  nature.  It  should 
be  noted  that  the  error  due  to  the  first  or  simple  formula  for  60-deK- 
threads  in  Pur.  34  rarely  equals  0.0001  in.,  and  then  only  wh«i  the 
helix  angle  is  large. 

PRECAUTIONS   IN   MAKING  THREE-WIRE  IfBASUBBIfKNTB 

35  It  luis  been  claimed  that  measurements  of  effective  diameter 
niude  by  the  three-wire  method  result  in  values  which  are  smaller 
than  those  secured  by  other  means,  such  as  by  thread  micromeien. 
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as  a  balanced  micrometer.  In  operation  the  screw  is  supported  be- 
tween centers  as  shown,  and  the  micrometer  is  supported  on  a  coun- 
terbalanced arm  which  is  in  turn  carried  on  a  cylinder  resting  in  a 
V-groove  parallel  to  the  centers.  As  originaUy  des^pied,  as  shown 
in  Fig.  5,  the  micrometer  was  constrained  perpendicular  to  the  axis 
of  the  thread  being  tested  and  two  wires  were  used.  The  arm  sup- 
porting the  micrometer  was  overbalanced  so  that  a  slight  upward 
pressure  was  given  to  the  micrometer  in  order  to  hold  a  wire  at  the 
bottom  of  the  thread  and  allow  the  operator  to  insert  the  top  wire 
and  make  a  reading  with  ease  and  rapidity.  After  umng  this  con- 
strained micrometer  for  some  time,  it  was  found  pref^able  to  iHTOt 


Fia.  0    Apparatus  poh  Makinu  Wire  Meahuremeniv  UaiNa  Two  Wiass 

the  micrometer  clamp  on  its  supporting  ann  so  as  to  allow  a  slight 
movement  in  a  vertical  plane  passed  through  the  axis  of  the  screw 
thread  and  then  use  three  wires  instead  of  two.  For  this  arrange 
ment  two  wires  are  carried  at  the  bottom  and  one  wire  inserted  at 
the  top  of  the  thread  as  before.  This  apparatus  is  very  rimi^ 
in  construction  and  is  recommended  as  being  very  convenient  where 
a  large  numl)er  of  gages  are  to  be  tested 

39  Another  fonn  of  apparatus  for  making  wire  measuremeDts 
using  two  vires  is  shown  in  Fig.  6.  Tliia  instrument  was  special^ 
designed  and  constructed  for  the  Bureau  of  Standards.  It  embodia 
a  precision  bench  micrometer  iiccuratc  to  within  about  two  one- 
hundred  thousandths  of  an  inch,  supported  on  a  heavy  bue  and 
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carried  by  steel  balls.  This  support  pennits  the  microineter  uni- 
fonu  contact  od  the  wires  at  either  side  of  the  thread.  This  machine 
has  been  found  useful  for  threads  of  relatively  large  diameter.  The 
instrument  is  of  massive  construction,  and  its  rigidity,  wHch  is  not 
common  to  ordinary  measuring  instrumoits,  permits,  whm  pre- 
cautions are  taken  to  avoid  temperature 'changes,  measurKnenta 
which  aie  accurate  to  within  two  or  three  one>hundred  thouBandtha 
of  an  inch. 


TEST  OF  RING  THREAD  GAGES 

38  The  measurement  of  ring  thread  gages  presents  many  prob- 
lems owing  to  the  difficulties  with  which  observations  may  be  made 
OD  the  various  elements.  UTiile  there  are  varioi^  ways  and  means 
of  obtaining  the  measurements  required,  it  is  not  possible  in  most 
cases  to  work  to  the  degree  of  accuracj'  that  is  obtainable  in  measur- 
ing plug  thread  gages.  Very  often  the  special  apparatus  required  for 
such  measurements  is  not  available  in  commercial  shops  and  it  then 
becomes  necessary  to  judge  the  perfection  of  the  ring  thread  by  the 
vay  which  it  fits  on  a  male  check  or  checks.  The  various  operations 
required  for  measurement  are  quite  gimiUr  to  thoee  given  for  plug 
gages.     The  procedure  generally  embodies  the  following  operations: 
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a  Measurement  of  pitch  or  lead 

b  Measurement  of  an^e  and  form  of  thread 

c  Measurement  of  full  diameter 

d  Measurement  of  core  diameter 

e  Measurement  of  effective  diameter. 

BIEASUBBUENT  OF   PITCH   OR  LEAS 

39  The  measurement  of  pitch  or  lead  of  a  ring  thread  gage  ia 
accomplished  as  shown  in  Fig.  7.  The  same  apparatus  is  employed 
fur  measuring  ring  threads  as  for  measuring  plug  threads,  with  the 


h\a.  8    Casts  op  Tubkad  and  Afparatub  Ubed  in  MAKiNa  Tbu 

exception  that  an  extension  stylus  or  attachment  is  provided  to 
project  into  the  rii^  and  transfer  the  motion  of  the  auxiliary  stylus 
to  the  ball  stylus  used  on  the  plug  thread.  This  auxiliary  device  v 
shown  at  T,  Fig.  7.  Instead  of  being  supported  on  oeoten  as  ii 
the  case  when  a  plug  is  tested,  the  ring  is  clamped  on  a  faceplate  and 
the  operation  then  is  exactly  the  same  as  previously  explained  for 
measuring  the  lead  of  the  plug  thread. 

HBASURBUENT  OP  ANGLE  AND  THBEAD  POBM 

40    The  measurement  of  angle  and  thread  form  of  ring  thraada 
is  uecoiiiplisltetl  with  the  projection  lantern  in  a  s 
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MEASUREMENT  OF  FULL  DIAMETER 

41  The  measurement  of  full  diameter  is  usually  made  part  of 
the  projection  operation,  as  was  the  case  of  the  measurement  of  the 
core  diameter  of  plug  gages.  Here  again  it  is  only  necessary  to 
insert  a  templet  in  the  thread  shadow  to  ascertain  whether  or  not 
the  thread  has  been  properly  cleared. 

MEASUREMENT   OF   CORE   DIAMETER 

42  The  measurement  of  core  diameter  is  usually  made  with  an 
inside  micrometer,  Johansson  inside  set-up,  or  by  the  use  of  go  and 
not-go  plain  check  plugs  for  this  diameter.  This  measurement  of 
a  plain  inside  diameter  requires  no  further  explanation. 

MEASUREMENT  OF  EFFECTIVE  DIAMETER 

4)i  The  method  which  is  usually  employed  for  measuring  the 
effective  diameter  of  a  ring  gage  is  by  judging  the  fit  of  the  gage  on  a 
plug  thread  check.  This  plug  check  is  ordinarily  ground  off  at  the 
crest  of  the  thread  in  order  to  make  sure  that  the  plug  touches  on 
the  sides  of  the  thread  instead  of  at  the  crest.  It  is  usually  con- 
sidered that  when  the  ring  fits  snugly  on  the  plug  that  the  effective 
diameter  of  the  ring  is  the  same  as  the  plug.  This  assumption, 
however,  is  not  strictly  true,  inasmuch  as  there  always  is  certain 
variation  between  the  lead  or  pitch  of  the  plug  and  the  lead  or  pitch 
of  the  ring,  and  furthermore,  variations  of  angle  between  the  plug 
and  the  ring  arc  always  present.  Both  of  these  variations  neces- 
sitate  the  ring's  having  an  effective  diameter  larger  than  the  plug 
upon  which  it  fits  snugly.  In  most  cases  the  amount  actually  re- 
quired for  fit,  due  to  differences  in  pitch  and  angle,  is  appreciable^ 
sometimes  as  much  as  several  thousandths  of  an  inch. 

44  In  order  to  ascertain  the  effective  diameter  where  check 
thread  plugs  are  not  available,  the  three-ball  method  of  measure- 
ment has  been  adopted.  In  making  these  measurements  the  ring 
is  Liid  on  a  flat  surface  with  the  axis  of  the  thread  perpendicular. 
Two  balls  are  then  placed  in  adjacent  threads  and  a  third  ball  is 
placed  diametrically  opposite.  The  distance  between  these  balls 
is  then  taken  l)y  inserting  size  blocks  together  with  a  taper  paralldy 
as  shown  in  Fig.  0.  The  effective  diameter  can  then  be  computed 
in  a  manner  similar  to  that  explained  for  male  screw  threads,  as  it 
is  necessary  to  change  only  the  signs  of  the  different  quantities  of  the 
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micrometer,  a  small  lamp  extinguishing  when  the  reading  is  correct. 
The  results  given  by  the  different  pitch-diameter  machines  are  thus 
obtained  under  identical  conditions  of  loading  of  the  wires  and  pres- 
sure on  the  micrometer  spindle:  the  latter  having  on  its  barrel  a 
divided  wheel  by  which  readings  can  be  taken  to  a  fraction  of  a  ten- 
thousandth  of  an  inch. 

The  horizontal  type  of  the  National  Physical  Laboratory  optical 
projection  lantern  is  used  with  a  lens  that  gives  a  correct  field  8  ft. 
in  diameter.  We  photograph  all  the  plug  gages  and  the  casts  of 
ring  gages  by  means  of  a  special  apparatus  which  takes  less  than  one 
minute  to  operate.  The  photographs  are  measured  for  angle  of 
thread  and  checked  for  form  by  placing  them  over  suitabl}^  engraved 
glass  screens  illuminated  from  underneath. 

To  take  casts  of  ring  gages  we  have  a  special  appliance  that  does 
the  work  in  a  few  seconds.  All  this  apparatus  has  been  designed  for 
dealing  with  our  large  number  of  gages  with  expediency  and  accuracy 
without  having  to  employ  highly  skilled  mechanics  who  in  war  time 
can  be  better  employed  elsewhere. 

C.  P.  CoLBURN^  (written).  The  object  of  this  discussion  is  to 
show  how  methods  of  precise  measurement  may  be  simplified  and 
adapted  to  practical  use. 

The  usual  trigonometric  fonnulse  for  determining  the  oorrect 
wire  size  and  the  over-wire  dimension  for  determining  pitch  diam- 
eter of  thread  gages  and  taps  is  a  problem  too  deep  in  mathematics 
for  many  shop  mechanics.  The  formulse  here  given  are  intended 
for  the  workman  who  is  not  a  mathematician,  but  who  finds  it  neces- 
sary to  make  calculations  due  to  the  fact  that  drawings  are  not 
generally  arranged  to  show  over-wire  measurements  and  the  correct 
size  of  wire  which  should  1)0  used  to  obtain  the  best  results. 

Measurement  of  Pitch  Diaimtcr  of  GO^eg.  Thread  by  3-mre  Sy«- 
te7n.  The  following  fonnula  ^\ill  render  equally  correct  results  and 
may  be  used  for  all  st3ies  of  GOnleg.  threads  by  any  one  who  has  a 
knowledge  of  ordinary  arithmetic.  In  both  instances  the  sise  of 
wire  used  should  1)0  sudi  that  the  point-s  of  tangency  will  lie  in  the 
pitch  line. 

"^riie  diameter  of  wire  which  will  touch  the  sides  of  the  thread 
at  the  pitch  line  is  equal  to  two-thirds  the  depth  of  a  sharp  V  thread 
(see  Fig.  10).  The  depth  is  determined  by  dividing  half  the  decimal 
pitch  by  the  tangent  of  half  the  included  angle,  or  by  0.57735. 

*  Major.  Orilnani'o  I)opt.,  U.  S.  A.;  Gage  Dept.,  Frenkford  Anenal. 


where 

P  =  pitch 
W  =  diamet 
H  =  one-ha 
D  =  depth 
The  pitch  di 
by  substituting 
di&meter  of  win 

where 

D,  =  pitch . 

X  =  measu 

W  =  mean ' 

The  dimensi 
times  the  mean 
:Pie.  10)  to  the 
:from  the  measi 
pitch  diameter. 

Test  for  Aug 
€0-deg.  thread  r 
larger  being  eqi 
smaller  equal  t 
<See  Fig.  11)  : 
"to  the  sides  of  t 
"Wire  can  be  fom 
The  diameter  o 
of  the  large  win 

When  both  v 
they  will  be  tan 

To  make  th 
Small  wire  {D/i 
^tnd  "no  go"  gi 
't«rmined  by  thi 
l^eing  held  ^aic 
"wire  to  pass  um 
angle  is  within  I 

The  larger  w 
ard  thread  appr 


848  ICEASUBBUSNT  Of   THREAD   QAQEB 

thread.  The  small  wire  lies  on  the  angle  at  the  same  distance  fioai 
the  root  of  the  thread.  This  makes  the  approximate  range  of  the 
angle  test  about  three-quarters  the  depth  of  the  thread. 


Fio.  10    Diameter  or  Wnu;  to  Touch  THEEADa  at  Pitch  Lura 

The  writer  recommends  that  working  drawings  show  methods 
of  inspection  and  all  necessary  dimensions.  This  should  obviate 
many  errors,  usually  resulting  in  the  complete  loss  of  the  artidfti 


Kio.  11     Checking  Anolx  on  eO-DEO.  Threads  vtth  SrAinMXD  I 


and  also  reduce  the  cost  of  computation,  which  would  be  made  atij 
once,  whereas  in  the  present  practice  the  shop  mechanic  uid  inepeetor 
usually  work  separately,  thus  naturally  increasiag  the  ooit  of  the 
product. 
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HISTORY 

3  Up  to  within  comparatively  recent  times,  tapers  for  shanW  ^ 
and  sockets  above  3  in.  in  diameter  have  had  a  somewhat  limitif^ 
use.    For  lathes,  drill  presses,  boring  mills,  and  milling  machin^iAf 
where  the  conditions  of  use  are  somewhat  similar,  the  tapers 
have  varied  from  i  in.  to  li  in.  per  ft.,  with  widely  varying 
Table  1  gives  particulars  of  those  most  widely  used  and 
described  in  textbooks. 

4  This  wide  variation  in  practice,  where  the  oonditioDfl 
about  the  same,  raises  a  question  as  to  what,  if  any,  are  the  reaac^i 
for  such  variation,  and  as  to  whether  any  rules  can  be  laid  do"^ 
determining  the  most  satisfactory  taper  per  foot  to  be  used* 

it  would  not  be  feasible  to  change  tapers  now  in  extensive  use, 


TABLE  1    DATA  ON  TAPERS  IN  GENERAL  USB 
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>  Abo  aince  used  for  German  metric  tapen.         • 

would  be  a  mere  academic  question  were  it  not  for  the  fact, 
pointed  out,  that  new  taper  sizes  are  required. 

«5    Most  of  the  tapers  mentioned  in  Table  1  were  establiahec 
the  early  days,  before  the  question  of  standardization  was  gi 
much  attention,  and  so  the  variations  in  size  and  depth  are  irregr 
3ven  in  a  given  system.    Such  formulae  as  exist,  if  followed  for 
proposed  larger  sizes,  would  not  give  the  proportions  require 
meet  the  new  conditions.    Thus  the  Brown  &  Sharpe  taper, 
increasing  somewhat  unifonnly  in  depth  to  No.  12  (1}  in.  in  ' 
eter  at  the  small  end),  would  be  longer  than  usually  neoev 
the  same  proportions  were  carried  above  that  size.    For  this 
when  B.[&  S.  sizes  above  Xo.  12  were  established  at  a  lat 
than  the  small  sizes,  a  new  ratio  for  length  was  used,  by  whii 
sizes  to  No.  18  (3  in.   in^diameter  at  the  small  end)  do  not 
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PRINCIPLES  ON  WHICH  TAPERS  DEPEND 

9  At  the  time  Mr.  Beale  proposed  the  Jamo  taper,  he  made  ait 
investigation  of  the  principles  on  which  the  taper  of  shanks  and 
sockets  should  be  proportioned,  and  published  his  findings  in  the 
American  Machinist  of  October  31,  1889,  p.  3.  His  analysis  is  a 
clear  statement  of  conditions  governing  the  taper  per  foot  and  con- 
cluded that: 

If  a  center  be  of  a  taper  whose  sides  make  an  angle  of  less  than  4  deg.»  it  is  not 
likely  to  slip  out,  after  being  driven  in,  even  though  it  be  oiled.  An  angle  of  4 
deg.  makes  a  taper  of  nearly  }  in.  per  ft.  No  center,  so  far  as  I  have  seeo.  Jim  s 
taper  greater  than  this,  which  is  interesting  as  indicating  that  the  "**^****«*,  in 
practice,  has  not  exceeded  the  angle  of  safety  given  in  the  textbookB.  .  .  .  Tht 
smallest  center  angle  that  I  know  is  something  less  than  2}  deg.,  which  in  prmetwe 
has  been  found  to  be  small  enough.  We  are,  therefore,  at  liberty  to  choose  anj 
angle  of  taper  between  2  and  4  deg. 


10  Mr.  Beale  chose  for  the  Jamo  taper,  0.6  in.  taper  per  ft  (i 
deg.  52  min.)  as  an  average  between  these  limits.    This  gives  a  ratig^^ 
of  1  in  20,  a  ratio  which  has  since  been  adopted  for  the  German  metric  ^^^-^ 
standard  and  is  especially  adapted  for  use  with  a  decimal  system  o^"-^^ 
measurement.    In  applying  it  to  the  English  S3rstem  of  measuremen^^^^ 
however,  it  gives  the  dimension  at  one  end  of  the  taper  in  tenths  in  ^u^j' 
at  the  other  end  in  eighths,  a  feature  which,  while  not  espectsIKl^lv 
objectionable,  lacks  the  advantage  derived  from  using  the  taper  *        ^f 

f  in.  per  ft.,  which  gives,  with  each  inch  of  depth,  ^  in.  vaiiation  in 
diameter,  so  that  when  applied  to  large  tapers,  whose  depth  may  "be 
made  to  vary  by  2  in.  or  4  in.,  the  diameters  at  both  large  and  sm — dJI 
ends  come  in  whole  or  convenient  fractional  sizes. 

11  A  taper  of  f  in.  per  ft.  also  gives  an  advantage  over  0.6  ^• 
or  other  tapers  with  a  less  steep  taper  in  the  ease  with  which  it  ^^will 
release  when  it  is  desired  to  drive  it  out.  Further,  it  is  a  taper  wl^^f** 
apparently  is  now  in  most  general  use  for  large  work,  althougta  ^^ 
proportions,  as  far  as  the  writer  knows,  have  not  previously 
standardized. 

12  If  the  'M)ite''  of  the  shank  is  to  be  depended  on  to  a 
siderable  extent  to  do  the  driving,  the  taper  should  be  small, 
at  the  risk  of  finding  occasional  difficulty  in  separating  the 
On  the  other  hand,  if  ade(|uate  means  of  driving  is  to  be 
vided  in  addition  to  the  'M)ite"  of  the  taper,  there  are  advanta^ 
in  making  the  taper  greater,  although  not  so  great  as  to  alloir 
jarring  loose  or  dropping  out  readily. 

13  Assuming  that  in  all  cases  of  machine  tools  using  these  lat 
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EXPERIENCE  OF  BIANUFACTURERS 

19  Before  determining  on  the  proportions  of  the  Magnum 
tapers  the  question  of  the  proportions  of  large  standard  tapers  was 
taken  up  with  manufacturers  and  engineers  having  experience  abng 
these  lines,  in  some  cases  by  personal  conferences,  in  others  by  letter. 
Table  3  gives  a  digest  of  the  opinions  received  from  various  souroeB 
in  answer  to  the  writer's  inquiry  as  to  their  past  experience  with 
large  tapers.  As,  however,  these  opinions  cannot  be  made  suf- 
ficiently clear  in  such  a  condensed  chart,  the  views  of  those  con- 
sulted are  given  more  in  detail  in  the  Appendix.' 

APPENDIX 
EXPERIENCE  AND  OPINIONS  OF  USES  OF  LARGE  TAPERS 

20  William  Sellers  <k  Co,,  Inc.,  Philadelphia,  Pa,  —  CoUman  SflBert,  Jr.  — 
Some  years  ago,  after  various  experiments  and  experiences  with  tapcn  ▼mfying 
from  }  to  1  in.  per  ft.,  this  company  adopted  }  in.  taper  per  ft.  as  the  standard  ffoi 
all  their  work.  This  has  been  used  up  to  tapers  of  8  in.  diameter  at  the  \ar^  end, 
the  larger  sixes  being  used  for  gun  lathes  and  boring  machines,  and  no  trouble 
has  been  experienced  from  its  use. 

21  This  company  feel  that  a  taper  as  great  as  }  in.  per  ft.  requirea  aonie 
positive  means  for  holding  it  from  working  loose,  in  the  case  of  horisontal  borins 
mills  where  the  operation  of  back  facing  means  in  addition  to  the  vibrataan,  a 
direct  pressure  tending  to  draw  the  arbor  out.  It  is  also  their  oommon  praeliee 
to  use  a  holding-in-key  fitting  crosswise  through  the  socket  and  shank,  and  haTinf 
a  taper  of  5  deg. 

22  Their  practice  is  to  make  the  length  of  fit  about  three  timea  the  '^^-Mi^ 
at  the  large  end.  They  consider  this  rather  extreme  in  length  and  feel  thni  a 
somewhat  shorter  length  would  answer  just  as  well,  and  perhaps  be  eren  better. 
They  believe  that  a  steeper  taper,  even  to  1)  in.  per  ft.  mi|^t  be  uied,  but  H 
would  not  be  as  satisfactory  as  the  }-in.  taper  per  ft.  which  has  been  in  ■ueoMrfnl 
use  by  them  for  so  long  a  time.  As  to  the  smaller  degree  of  taper,  eay  i  in.  per 
ft.,  they  would  not  expect  any  greater  difficiilty  for  large  diameten  in  proportion 
to  the  size  than  is  experienced  in  using  this  taper  for  the  smaller  aisee. 

23  Mesta  Machine  Co.,  PitUhwrgh,  Pa,  —  J.  E.  Metia^  AuU  Gen,  SvpC  — 
For  tapers  above  3  in.  size  this  company  uses  i  in.  taper  per  ft.,  and  obtaiae  wmj 
good  results.  This  seems  in  their  opinion  about  the  best  to  uw.  llwgr  Mj  il 
will  not  bind  tightly  enough  to  make  it  difficult  to  remove^  and  it  will  not  jar 
loose.  As  to  the  depth  of  taper  fit,  they  make  it  three  times  the  diameter  with 
good  results. 

24  Newton  Machine  Tool  Worka,  Inc.,  PhUaddpkia,  Pa.  — i^kftaios  P. 
Lloydj  Om.  Mgr.  —  This  company  uses  the  Morse  taper,  ^ipnndmato|f  |  in.  per 
ft.,  for  all  of  their  sizes,  although  they  have  not  used  taper  aiaes  mooh  over  6  in. 
in  diameter.  They  have  made  special  tapers  to  order  for  ouatomsn  all  tlie  wnj 
from  }  in.  to  1  in.  taper  per  ft.,  and  as  far  as  reported,  suoh  tapen  hKW%  pwa 
satisfactory  results.    The  view  was  expressed  that  the  larfs  aiasa  ahooid  be  of 


■  steQ»cz  t^xr  than  tl 
largBBt  BUM. 

25  Tabor  Mfg.  Co 
cnsB^ad  at  *-^ft  prGBOit 
lum  Tiait  m  the  pttBt  muG 
f  BTCKiiig  1  in.  taper  per 
be  nsreta  has  not  beat 
giving,  in  his  oiHnion, 
beiiera  there  ii  no  m 
an^  (t^wr  per  foot)  t 
of  the  Jamo  taper,  aad 
adopted.  He  doea  not 
belifiVBB  tiiat  one  frf  *-K# 

26  Mtad-iSorrUor 
Work!  Mgr.,  and  Bcb» 
Ibrangh  Mr.  MmHiot 
Pond  Rant,  namfidd, 
■OBording  to  hia  taperi 
tapv,  also  its  kogtb,  tli 
oftcatimM  a  t^Mr  ol  j 
it  ia  almoat  impoasible 
would  be  inoreaaed.  B 
diea  ahoold  be  1  in.  tap 

durge  (^  SmaU-Toal  D 
ard  for  large  aiicfl,  and 
explains  that  it  is  intent 
bars  and  arfoors  we  alwt 
may  be  allowed  and  th 
made  with  (  in.  or  leas 
out.  Therefore,  since  t 
BUggeat  1  in.,  which  will 

28  Bemetil-Miiea  I 
IP.  J.  Hapnan,  Gen.  M 
Hteam  trip  hammers,  for 
up  tA  5  in.  diameter  at  I 
length  from  3  diameter) 
Centers  larger  thou  5  ii 
diameteia. 

2S  On  driUing  ant 
the  MiHse  range,  and  fo: 
to  the  |-in.  taper  per  I 
frequently  built  and  wb 
^thei  i-in.  taper  per  ft. 

30  For  milling  ma 
varying  from  3  diametei 
bole.  It  is  thought  im; 
coarse,  as  the  vibratioQ 
looeen  the  taper  aocketf 
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DISCUSSION 

Wilfred  Lewis  (written).     I  tliink  that  Mr.  Burlingame 
done  well  to  advise  the  adoption  of  the  }-in.-per-foot  taper  for 
taper  shanks  and  sockets,  but  am  not  so  sure  about  the 
recommended,  and  do  not  see  why  all  shanks  and  sockets  shoii^I^d 
not  be  similar  in  every  respect.     I  am  disposed  to  agree  with 
Walters  of  the  Westinghouse  Company  in  advising  a  length  of 
times  the  diameter,  and  if  this  is  long  enough  for  large  shanks 
sockets,  I  believe  it  is  long  enough  for  anything,  large  or  small. 

Mr.  Burlingame  has  also  done  well  in  his  choice  of  sizes:  4, 5,  ^,         7, 
and  their  multiples  by  two,  making  8,  10,  12,  14;  thus  forming 
basis  for  a  rational  progression  in  sizes,  stepping  up  again  to  16, 
24,  28,  or  down  by  division  to  2,  2.5,  3,  3.5  and  so  on,  as  far  as  a=^>' 
be  desired.    I  do  not  believe,  however,  in  designating  these  by  "ttbe 
numbers  19,  20,  21,  etc.,  as  proposed.    No.  19,  also,  conflicts  "nw  Jth 
No.  19  of  the  Jarno  taper.    I  would  prefer  to  designate  the  tap^^^^ 
by  the  sizes  themselves.     A  4-in.  shank  or  socket,  for  instance  ^  ^ 
self-explanatory,  while  No.  19  calls  for  interpretation. 

There  was  a  movement  years  ago  to  abolish  all  numbered  s^ 
for  any  purpose  whatever,  and  I  think  it  should  be  revived. 
late  James  Christie  was  active  in  the  promulgation  of  this 
which  I  found  quite  easy  to  follow,  because  the  actual  siie 
always  the  thing  desired,  while  the  arbitrary  number  given  t^^  *^ 
was  a  matter  of  no  interest  whatever. 

I  suggest,  therefore,  as  an  amendment  to  the  system  proi^ 
that  the  number  of  the  taper  be  omitted,  and  that  the  lengtl^    ^ 
Uiper  be  made  three  times  the  diameter  at  large  end,  instead    ^ 
twice  plus  4  in. 

William  Bacon  (written).  During  the  past  three  years  ^7^ 
Reed-Prentice  Company  has  made  a  study  of  the  subject  of  1^»  ^^ 
centers  and  has  adopted  a  formula  based  on  the  Jamo  taper. 

The  taper  adopted  is  0.6  in.  per  ft.;  length  =  2  X  diam  . 
large  end  +  H  in.,  and  the  number  of  the  taper  is  dfwignatac^       ^ 
diameter  in  inches  X  8.    Table  4  gives  the  dimenmons  for 
lathes  made  by  this  company. 

Practical  experience  has  shown  that  a  taper  approximmtdy  t 
or  lus  in  the  .Tamo  taper  0.0  in.,  per  ft.,  gives  excellent  results  on 
the  hold  and  ease  of  drifting  center  from  socket.    My 
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by  eliminating  the  waste  of  time  and  material  entailed  in  producing 
a  multiplicity  of  designs  for  one  and  the  same  purpose  and  also  to 
expedite  delivery  and  so  reduce  maintenance  charges  and  stores. 

3  Seventeen  years  ago,  however,  neither  the  necessity  nor  the 
value  of  work  of  this  character  and  still  less  its  intimate  relation  to 
economy  and  speed  of  production  was  at  all  generally  recogniied, 

and  it  was  to  remedy  the  chaotic  state  of  things  then  existing  in  the         « 
engineering  industry  of  Great  Britain  that  the  late  Sir  John  Wolfe         ^^ 
Barr>%  K.C.B.,  F.R.S.,  in  1901  took  the  initial  steps,  when  be  brought         ^ 
the  subject  to  the  notice  of  the  Council  of  the  Institution  of  Civil         ^ 
Engineers,  which  resulted  in  the  formation  of  the  British  EIngineering 
Standards  Committee. 

4  From  its  inception  certain  definite  principles  have  governed 
the  work  of  the  Committee,  amongst  which  may  be  placed  in  the 
forefront  the  community  of  interest  of  producer  and  consumer, 
which  is,  in  fact,  the  comer  stone  of  the  organization.    It  was  abo 
realized  that  the  Committee  should  not  be  an  academical  body,  but^i,^-^^ 
an  industrial  organization  in  the  closest  touch  with  practical  reouirf      ■  ^ 
ments  and  modem  scientific  knowledge  and  discovery;  that  it  ghooh^^^ 
only  undertake  standardization  to  meet  recognized  wants,  and  thr^  ^^^^^ 
only  at  the  request  of  the  principal  interests  concerned;   that  ^     y^ 
should  confine  itself  to  setting  up  standards,  leaving  it  to  the 
satisfy  himself  by  inspection  and  supervision  that  the  standards 
being  adhered  to;  and,  most  important  of  all,  that  periodic 
of  the  standards  should  be  undertaken  so  that  improvementB 
be  incorporated,  the  various  industries  thus  being  prevented 
becoming  stereotyped  and  their  methods  hidebound. 

5  From  the  small  nucleus  of  seven  members  who  formed 
original  Committee,  a  far-reaching  organization  has  developed 
some  160  committees,  sub-committees  and  panels,  including  in 
over  900  members  and  dealing  under  one  central  authority 
standards  relating  to  practically  the  whole'  field  of 
Thus  for  many  years  past,  the  British  Engineering  Standards 
ciation,  as  it  is  now  called,  has  provided  the  neutral  ground  u] 
which  the  producer  and  the  consumer,  including  the  *^ft**™fflJI 
cers  of  the  large  spending  departments  of  the  Government  and 
great  Clas2sifi(*atioii  Societies,  have  met  and  considered  this  nb^' 
of  such  vital  interest  to  the  well-being  of  the  engineering  ii 
the  country. 

6  To  the  observance  of  the  democratic  and  progreeriva 
outline<l,  coupled  with  the  devoted  lalK>r  of  its  members 
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heir  time  and  experience  to  the  work,  oft^i  at  great  personal  expense 
ind  inconvenience,  may  be  attributed  the  increasing  success  of  this 
¥ork  of  growing  national  importance. 

A  large  number  of  British  Standard  specifications  and  reports 
lave  ak-eady  been  issued  and  these  are  constantly  being  added  to, 
he  most  recent  additions  being  the  specifications  for  aircraft  material 
ind  parts  drawn  up  at  the  request  of  the  Department  of  Aircraft 
i'roduction  of  the  Ministry  of  Munitions,  for  whom  the  Association 
kcts  practically  as  the  Departmental  Specifications  C!ommittee. 

7  The  standardization  of  steel  sectional  material  was  the  first 
v-ork  taken  up  by  the  Conunittee.  The  British  standards  for  this 
naterial,  so  important  in  the  construction  of  ships,  bridges  and  under- 
rames  for  railway  wagons,  have  had  a  v^y  wide  adoption.  The 
otal  number  of  sections  is  some  175,  and  the  recently  formed  Mer- 
antile  Section  of  the  Admiralty,  as  a  war  measure,  was  able  to  select 
rom  this  list  a  largely  reduced  number  and  so  put  into  operation  an 
xceedingly  economical  measure  with  but  little  delay.  The  testing 
equirements  of  Lloyd's  Roister  and  the  other  great  CSlassification 
kKdeties  and  the  Board  of  Trade  have  been  unified  through  the  work 
f  the  Conunittee. 

It  would  appear  from  the  steelmakers'  returns  for  1913,  giving  the 
onnage  of  lengths  rolled  of  each  section,  that  95.7  per  cent  had  been 
roduced  by  standard  rolls  and  only  4.3  per  cent  by  non-standard  rolls, 
he  work  thus  having  proved  of  immense  utiUty  to  the  steelmakers. 

8  In  the  case  of  tramway  rails,  standardization  has  had  the 
esult  of  reducing  to  a  minimum  the  sections  required;  at  the  present 
Ime  there  are  only  five  standard  sections  as  against  over  70  sections 
rior  to  the  advent  of  the  Committee.  These  sections  are  now  being 
educed  to  three,  one  being  a  special  section  for  interurban  tramways 
perating  at  a  higher  speed  than  those  of  the  towns. 

9  As  a  further  instance  of  the  benefit  of  the  Conunittee's  labors 
lay  be  mentioned  the  Standard  Specification  for  Portland  Cement, 
bich  is  practically  universally  adopted  throughout  the  country. 

10  In  regard  to  the  electrical  industry,  the  most  important  piece 
:  work  has  been  the  issue  of  Standardization  Rules  for  Mectrical 
lachiner}',  in  the  drafting  of  which  much  benefit  has  accrued 
irough  the  close  and  very  cordial  cooperation  of  the  Standards 
ommittee  of  the  American  Institute  of  Electrical  Engineers. 

11  A  large  amount  of  standardization  has  been  effected  also  for 
tie  automobile  industr}',  especially  in  regard  to  the  special  steels  used. 

12  From  time  to  time  Government  Departments  have  called 
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upon  the  Standards  Committee  to  carry  out  work  for  them,  as,  for 
instance,  in  the  case  of  the  Ministry  of  Munitions  in  relation  to  the 
question  of  screw-thread  tolerances  and  the  gaging  of  screws  generally. 
Then  the  Indian  Government  requested  the  Committee  to  undertake 
the  question  of  standard  designs  for  locomotives,  and  these  have 
proved  of  immense  value.  The  Road  Board  also  asked  the  Com- 
mittee to  draft  Specifications  for  Road  Material.  As  already  men- 
tioned, at  the  request  of  the  Department  of  Aircraft  Production,  the 
Association  is  dealing  with  the  specifications  for  aircraft  materials 
and  parts  as  a  war  measure  for  the  Department.  To  carry  on  this 
important  work  a  large  number  of  sub-committees  have  been  formed, 
consisting  of  officers  from  the  technical,  supply  and  inspection  de- 
partments, together  with  representatives  from  the  various  trade 
organizations  concerned;  the  specifications  in  this  case  are  not 
published  by  the  Association  in  the  ordinary  way,  but  are  issued  to 
the  Department  of  Aircraft  Production,  by  whom  they  are  sent  to 
the  various  manufacturers  of  aircraft  material  on  the  Government 
list,  in  this  way  becoming  obligatory. 

13  In  regard  to  the  question  of  finance,  the  funds  for  carrsring 
out  the  work  of  the  Committee  have  been  provided  by  the  Govern- 
ment and  the  industries  concerned.  In  1903  the  Government  in- 
cluded in  the  Estimates  a  substantial  contribution,  which  was  sub- 
sequently extended  for  the  years  1904-5-6  by  a  Grants-Aid  equal 
to  the  amount  contributed  by  the  supporting  institutions,  manu- 
facturers and  others.  This  was  continued  on  a  smaller  scale  down 
to  1916,  and  a  further  grant  on  the  same  condition  is  bang  continued 
to  March,  1919.  The  Indian  Government  has  been  a  g^nenHis 
supporter  of  the  Committee  and  the  governments  of  other  Overaeas 
Dominions  have  also  given  financial  assistance.    A'  liberal  responae 

m 

to  the  Committee's  appeal  for  funds  has  been  made  by  the  enginieer- 
ing  industry  of  the  country  and  also  by  railway,  shipping  and  other 
companies,  and  by  some  of  the  Local  Government  Boards  and  the 
tramway  and  electricity  authorities. 

14  The  expenses  of  the  whole  organization  up  to  the  war  were 
under  £4000  a  year,  but,  owing  to  the  widening  of  the  field  of  Ha 
labors,  this  amount  has  been  very  greatly  exceeded. 

15  The  Committee,  iis  many  are  aware,  has  recently  beeome 
incorporated  as  an  Association,  under  license  of  the  Board  of  T^ide, 
in  order  to  enable  it  in  the  first  pLice  to  continue  the  woric  oamad 
out  by  the  Engineering  Standards  Committee,  via.,  to  ooSrdiiiate  the 
efforts  of  producers  and  users  for  the  improvement  and  atandaidfaii^ 
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Electrical  Engineers  in  several  directions  in  regard  to  Electrical 
apparatus  generally.  Then  there  is  the  great  question  of  the  standi 
ardization  of  screw  threads  and  also  of  milling  cutters  and  small  tools. 
in  connection  with  which  The  American  Society  of  Mechanical 
Engineers  will  be  able  to  render  most  valuable  assistance.  Indeed, 
there  is  a  wide  field  for  Anglo-American  agreement  on  engineering 
standardization  generally  and  the  Association  looks  forward  to  a 
large  measure  of  intimate  cooperation  with  this  object  in  view. 

22  In  connection  also  with  its  labors  outside  the  home  country, 
the  Association  is  developing  a  scheme  for  assbting  in  procuring  the 
wider  dissemination  of  British  Standards,  and  is  undertaking  the 
translation  of  its  more  important  reports  into  various  foreign 
languages,  as  well  as  setting  up,  with  the  assistance  of  the  Overseas 
Department  of  the  Board  of  Trade,  Local  Committees  of  British 
Engineers  and  Traders  in  some  of  the  more  important  trading  centers 
of  the  world. 

23  That  the  value  and  utility  of  the  work  of  the  Association  is 
becoming  more  and  more  recognized  both  at  home  and  abroad  is^ 
evidenced  by  the  amount  of  new  work  it  is  continually  being  invi 
to  undertake  as  well  as  by  the  inquiries  received  from  all  parts  of 
world  both  with  reference  to  the  Standards  and  to  the  organiaatioi 
itself. 

24  The  most  recent  addition  to  the  Association's  activities  i^f   is 
that  of  the  standardization  of  the  details  in  the  construction  of  shi 
and  their  machinery.    A  conference  recently  convened  at  the  instam 
of  the  Board  of  Trade,  and  representing  Government 
shipowners,  shipbuilders  and  engineers,  classification  societies  an 
consulting  and  naval  architects,  has  unanimously  decided  to 
mend  to  the  Main  Committee  the  setting  up  of  a  comidete 
to  deal  with  this  branch  of  engineering,  in  which,  in  common  with  i^^all 
others,    economic    production,    fostered    by   interchangeahility  *^      of 
detailed  parts,  is  of  such  vital  importance. 

25  This  brief  account  will,  it  is  hoped,  be  sufficient  to  show  tb-      at 
throughout  the  Empire,  British  Standards  are  receiving  increa^*^^ 
rocoKnition  as  being  of  direct  utility  to  the  engineering  indu5*— -"7 
^(Mierally.    Stanchirdization,  after  all,  is  no  more  and  no  I 
{)roper  cor)rdination.    To  effect  it,  may  necessitate  the  Mnlrinj^ 
much  personal  opinion,  but,  if  its  goal,  through  wideness  of  ou 
and  unity  of  thought  and  action,  is  the  benefit  of  the  community 
a  whole,  standardization  as  a  coordinated  endeavor  is  bound 
cTeasingly  to  benefit  humanity  at  large. 
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especiaUy  with  the  case  of  screw  threads.    This  is  less  neoesaaiy  to 
consequence  of  the  admirable  manner  in  which  the  screw-thre^^ 
problem  has  been  presented  to  The  American  Society  of  Mechanic^^ 
Engineers  by  Mr.  Bingham  Powell;  and  again  by  Mr.  Ehnnan, 
we  recently  had  the  pleasure  of  welcoming  in  England,  in  his 
on  The  Screw  Threads'  Situation  in  Great  Britain  and  America, 
cently  read  before  the  Society  of  Automotive  Engbeers. 

2  The  importance  of  problems  dealing  with  limits  and  gages 
recognized  at  an  early  date  by  the  Main  Standards  Ck>inimttee,  w 
appointed  a  Committee  on  Screw  Threads  and  Uinit  Gages  i 
February,  1903.    Two  years  later,  after  23  meetings  at  which  muc 
hard  work  was  done,  the  Committee  issued  its  first  report. 
Frederick  Donaldson,^  Chief  Superintendent  of  Woolwich 
was  Chairman,  while  Colonel  Crompton,  Mr.  Clements,  of  the  Bi 
mingham  Small  Arms  Factory,  and  Mr.  Taylor,  of  Messrs.  Taylor 
Taylor  and  Hobson,  were  leading  members. 

THREAD  SERIES  RECOMMENDED 

3  The  Committee  made  careful  inquiries,  studied  the  merits  ^^     of 
other  threads,  in  particular  of  the  Sellers  Thread,  and  finally 
that: 

Having  regard  to  the  evidence  laid  before  the  Committee,  and  to  the  fact 
the  Whitworth  thread  is  in  general  use  throughout  the  country,  the 
do  not  recommend  any  departure  from  this  form  of  thread. 


4  It  appeared,  however,  that  there  was  a  very  general 
for  a  series  of  screws  having  finer  pitches  than  those  of  the  Whitwort 
form,  and  this  led  to  the  introduction  of  the  British  Standard 
(B.  S.  F.)  series  of  pitches. 

5  The  report.  No.  20,  contains  tables  giving  the  standard 
sions  of  these  two  series  of  screw  threads,  B.  S.  W.  and  B.  8.  F., 
also  of  the  British  Association  (B.A.)  series.    It  contains  besii 
some  definitions  of  terms  which  it  may  be  useful  to  repnxluoe, 
they  differ  scxnewhat  from  those  in  use  in  America. 

Tolerance.    A  difference  in  dimensions  prescribed  in  order  to  tolerata 
able  imperfections  of  workmanship. 

AUoioanee,    A  difference  in  dimensions,  prescribed  in  order  to  allow  of 
qualities  of  fit. 

Clearance,    A  difference  in  dimensions,  or  in  the  shape  of  the 
scribed  in  order  that  two  surfaces,  or  parts  of  surfaces,  may  be  elear  of 

^  Lost  with  Lord  Kitchener  in  U.  M.  S.  UampMm, 
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that  for  a  screw  of  faulty  pitch  to  pair  with  a  perfect  nut,  the  effective 
diameter  must  be  reduced  by  twice  the  pitch  error  per  length  <A 
engagement. 

8  In  the  words  of  the  report,  the  Committee  had  before  them  t^o 
separate  matters  to  decide: 

a.  To  lay  down  tolerances  on  full  core  and  effective  diameiera  to  cover  the 
wear  of  tools  and  unavoidable  imperfections  of  measurement,  and  to  pmeabc 
minimum  allowances  in  order  that  bolts  and  nuts  may  be  assembled  freely. 

b.  To  decide  what  errors  in  pitch  could  be  permitted  in  ordinary  prac  ^er. 
having  regard  to  the  allowances  in  effective  diamet^  which  they  entail. 

9  The  report  contains  the  answers  to  these  questions.  Fom^^^uk 
are  given  for  the  various  tolerances  and  allowances,  and  a  tabl^^  of 
values  worked  out  for  the  two  series  of  threads. 

TABLE  1    BRITISU  STANDARD  WHITWORTH  SCREW  THREADS 

TOLBBAKCK8  rOB  BOLTB 
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10  Table  1  gives  the  tolerances  for  bolts  of  J  in.,  i  in.,  1  in.,  ^ "^ 
and  3  in.  for  B.  S.  W.  threads. 

11  It  will  be  noticed  that,  except  in  the  smaller  axes,  the  ^^JT 
(ive-diameter  tolerance  is  larger  than  that  on  the  full  diameter,  ^^^ 
in  some  cases  it  is  larger  than  that  on  the  core  diameter.    An  att^*'^ 
was  made  to  get  a  comparatively  close  fit  at  crest  and  root,  whil^ 
attention  was  paid  to  the  slopes.    The  difficulty  of  gaging  the  ^^  . 
live  diameter  had  something  to  do  with  tliis.    The  effect  of  ert^^^ 
angle  was  referred  to,  but  not  considered  very  fully. 

FURTHER   INVESTIGATION   OF  TOLERANCES 

12  The  matter  remained  in  this  state  until  oomparativel3^ 
ccntly.    After  Sir   Freilcrick   Donaldson's  deaths  the  commi**^ 
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deg.  di£Ference  in  angle  between  the  English  and  American  thra^ 
would  not  prevent  a  very  considerable  degree  of  interchangeabOit)' 
This  conclusion  has  been  substantiated  by  measurements  since  mft^ 
on  both  sides  of  the  Atlantic.^ 

15  As  to  the  form  of  thread,  the  evidence  collected  showed  tb^ 
provided  no  close  Umits  are  placed  on  the  exact  curvature  at  crest 
root,  the  rounded  Whitworth  form  had  distinct  advantages  from 
manufacturing  standpoint.    Evidence  for  this  is  given  in  a  pa. 
C.  L.  4102,  Proposed  Modification  to  Whitworth  Form  of 
Measurements  and  Mechanical  Tests  of  Screws  Made  in 
Therewith.    The  alteration  suggested  was  the  flattening  of  the 
in  accordance  with  the  theoretical  Sellers  thread.    Further 
and  measurement  show  distinctly  that  in  practice  the  crests  of 
can  threads  are  frequently  rounded,  while  it  is  agreed  on  aU  ades 
rounding  at  the  roots  is  essential  to  strength.    Roimding  at  the 
is  produced  naturally  by  the  wear  of  a  sharp-pointed  tool,  and    -M  ** 
appears  probable*  that  the  radius  selected  by  Whitworth  (radius 
0.137  p,  where  p  is  the  pitch),  represents  the  stable  condition  reach 
by  a  pointed  tool  after  some  slight  use.    This  point  has  been 
pressed  by  experienced  mechanics,  such  as  Mr.  W.  Taylor, 
Sturdee  and  Mr.  Dumas. 

16  Much  the  same  is  true  at  the  crest;  the  difficulty  of 
die  with  sharp  comers  that  will  stand  wear  is  well  reoogniied. 

17  The  Committee,  therefore,  in  drawing  up  Report  84, 
to  adhere  to  the  Whitworth  form,  but  without  insisting  on  the 
curvature  at  crest  and  root  so  far  as  the  work  is  concerned.    The 
of  a  gage  is  different.    Their  conclusion  runs  thus: 

The  tables  do  not  specify  tolerance  on  the  form  of  the  thread  at  the 
root,  but  it  IB  not  to  be  inferred  that  the  exact  curvature  given  by  the 
of  the  Whitworth  Thread  is  necessarily  to  be  adhered  to.    Fit  at  the 
root  is  not  ordinarily  required  in  nuts  and  bolts,  and  so  long  as  the 
within  the  tolerances  shown  the  exact  form  of  the  ciurve  oonneetiiig  the 
the  root  with  the  flank  is  immaterial,  provided  it  is  not  such  as  to  fill 
boundaries  of  perfect  thread  forms  defined  by  the  limits  of  diameter  gnren  i 
tables  of  tolerance.    In  the  case  of  gages  the  theoretical  form  must  be 
and  attention  given  to  the  curvatures. 

^  See  Report  C.  L.  (M.)  5076,  by  the  National  Physical  Labontory,  O^   ^ 
Interohangeability  of  Commercial  Whitworth  and  Sellers  Bolts  and  NuU;  il0^  ^ 
interesting  report  and  diagram,  on  the  same  subject,  dated  Augurt  8^  1918»  '"^  "* 
submitted  by  Mr.  Bingham  Powell  to  the  U.  S.  rpngrf  ionsl  CominiiM^*'  ^ 
Sfandardize  Screw  Threads. 

'  See  Mr.  Bingham  Puwoirs  pafK-T  on  Screw  Thread  Angles. 
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possible  to  secure  this  in  all  cases.    The  gages  used  to  test  the  work 
have  their  own  tolerances,  and  are  also  subject  to  wear.    To  over- 
come these  difficulties,  an  allowance  of  2  mils  is  specified  everywhci« 
between  the  largest  bolt  and  the  smallest  nut. 

20  It  seems  probable  that  in  the  case  of  the  close  fits  at  any  ra-^^ 
this  will  need  reconsideration;  for  many  purposes  it  is  more  import»^^ 
to  secure  a  tight  fit  than  to  have  complete  interchangeability  amo^ 
a  large  series  of  bolts  and  nuts ;  and,  with  the  figures  given  in  the  tat^^ 
when  the  maximum  nut  is  paired  with  the  minimum  bolt,  and 
pitches  and  angles  of  the  two  happen  to  be  identical,  the  fit  will  b^^* 
slack  one. 

TOLERANCES   IN   PITCH   AND   ANGLE 

21  It  will  be  noted  that  the  tables  do  not  specify  tolerances 
pitch  and  angle;  it  has  been  pointed  out  already  that  in  the  case  ol 
bolt  an  error  in  pitch  can  be  compensated  by  a  reduction  of  effect! 
diameter  of  approximately  twice  the  total  pitch  error;  an  error 
angle  can  be  compensated  in  the  same  manner.    The  necessary  f 
mulsB  are  given  in  Report  84,  Appendix  ii.     It  is  a  necessary 
dition  for  a  bolt,  then,  that  the  total  reduction  in  effective  diamet 
required  to  compensate  the  errors  of  pitch  and  angle  must  nev 
exceed  the  permissible  tolerance  on  effective  diameter;  a  similar  co 
dition  holds  for  a  nut. 

22  A  simple  graphical   method   for   calculating  the  effect!^ 
diameter  equivalents  of  the  pitch  and  angle  errors  has  been  dcvi 
by  Captain  Bishop,  and  is  explained  in  the  report,  while  a  simpl 
mechanism  for  applying  Captain  Bishop's  method  has  been  devdo] 
at  the  National  Physii^al  Laboratory.    Denoting  by  x  the  effectiii^ 
diameter  error,  y  and  z  the  effect  iv(vdiameter  equivalents  of  the  pit 
and  angle  errors.  Captain  Bishop  introduced  the  term  Grade  to 
note  X  +  y  +  z,  the  sum  of  these  three;  it  will  be  found  to  m 
the  difference  in  diameter  between  the  standard  nut  and  a  bolt 
standard  form  which  would  just  pair  with  a  nut  of  the  same 
sions  as  the  bolt  in  (luestion.    The  play,  mejining  thereby  the 
shake  between  the  given  bolt  and  a  standard  nut,  is  measured  b^ 
^  —  (2/  +  ').     tor  some  i)urposes  it  is  found  convenient  to  specify 
screws  by  their  grade  and  play.     Tlie  grade  indicates  in  a 
way  the  diffcreiuo  between  the  bolt  and  the  standard;  the  play 
a  mciisurc  of  the  slackness  of  fit.     For  further  details  in  regard  t<^ 
these  terms,  reference  should  be  made  to  Rei)orfNo.  84. 

2;i     It  has  been  pointed  out  already  that  the  pitch  error  witl^  ^^ 
whicli  we  are  coiicenuHi  is  not  the  error  per  pitch  or  per  unit  length^^^*^ 
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GAGES  AND  GAGING 

28  We  come  now  to  the  question  of  gages  and  gaging;  its  im- 
3rtance  and  its  difficulty  have  been  before  the  Committee  almost  -j:x^ 
nee  its  inception  and  the  principles  on  which  it  depends  have  beea 

)ften  stated,  by  no  one  more  clearly  than  by  Mr.  Wm.  Taylor. 

29  The  gaging  of  plain  cylindrical  surfaces  is  a  simple  matter; 
to  gage  a  ring  a  go  and  a  not-go  plug  suffice;  for  a  shaft  we  need  either 
go  and  not-go  rings,  or  go  and  not-go  snap  gages.  But  for  a  com*pli- 
cated  form  like  that  of  a  screw,  the  matter  is  far  from  simple;  the 
screw  is  made  up  of  many  elements,  and  each  needs  separate  con* 
sideration.  A  little  investigation  shows,  however,  that  for  exact 
work  the  go  gage  must  gage  all  the  elements  simultaneously,  while 
each  element  requires  a  separate  not-go  gage.  Thus,  for  a  screw  we 
have  as  elements:  Full  diameter,  core  diameter,  efifective  diameter, 
pitch,  angle  of  thread,  radius  at  crest,  and  radius  at  root;  seven  in  alL 

30  In  symmetrical  threads  like  the  Whitworth  the  two  last  ele- 
ments  are  the  same.  The  go  gage  insures  that  the  work  nowhere 
oversteps  the  theoretical  boundary;  the  not-go  gages  confine  the 
tolerances  on  the  various  elements  within  the  specified  values.  If 
interchangeability  alone  is  to  be  gaged,  and  a  more  exact  knowledge 
of  the  errors  of  the  various  elements  is  not  required,  the  not-go  gltges 
can  usually  be  reduced  to  the  three  first.  The  form  at  root  and  crest 
is  immaterial,  provided  the  full  and  core  diameters  are  not  too  greatly 
reduced,  the  go  gage  insures  that  the  standard  boundary  is  nowhere 
overstepped.  The  go  gage  also  insures  that  the  reduction  in  effective 
diameter  has  been  sufficient  to  compensate  the  errors,  if  any,  in  pitch 
and  angle,  while  the  not-go  effective  diameter  gage  provides  that  the 
cfTective  diameter  is  not  less  than  is  tolerated  in  the  tables.  Thus,  a 
complete  go  gage  and  three  not-go  diameter  gages  are  needed. 

;U  Much  attention  has  been  given  by  the  Committee  to  the 
ilesign  and  pro\ision  of  these  gages,  and  Rei)ort  No.  38  describes  the 
system  proposed  l)y  Mr.  Taylor.  It  is  easy  to  provide  gages  for  the 
full  and  core  diameters:  in  the  case  of  plugs  a  simple  ring,  or  a  suit- 
able snap  gage,  suffices;  for  nuts  a  plahi  cylindrical  plug  gages  the 
core  diameter;  the  full  diameter  is  tested  by  a  screw  gage  having  one 
or  two  turns,  with  :i  very  thin  tiireiid  arranged  to  bear  on  the  foU 
diameter  only.  The  effective  diameter  of  a  nut  can  he  gsged  by  a 
screw  plug  of  one  or  two  turns,  dciireil  at  the  roots,  and  with  the 
crests  ground  off  so  as  to  bear  only  on  the  slopes  of  the  threads;  iHule 
for  the  effective  diameter  of  a  plug  a  ring  gage  bearing  on  the  skpsi 
only,  or  a  three-point  gage*similar  to  Mr.  Taylor's  design  is  avaiUbIs 
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method  of  gaging  by  projecting  the  image  of  the  work  on  to  a  scree^^ 
carrying  an  accurate  magnified  drawing  of  the  screw  under  test 
proved  rapid  and  effective  and  apparatus  for  this  is  in  use  in  man. 
factories. 

37  Another  method  consists  in  keeping  a  careful  watch  on  tl 
tools  employed,  being  assured  that  so  long  as  they  remain  coi 
within  certain  limits  the  work  they  turn  out  will  come  up  to  S] 
cation.    Most  valuable  work  in  this  direction  is  being  done  by  one 
the  sub-committees,  the  Panel  on  Taps,  of  which  Col.  Crompton  irJ^    ^ 
Chairman.    The  panel  is  investigating  the  methods  of  measurii 
taps,  the  conditions  that  connect  the  size  of  a  tap  and  that  pf  the  hol^ 
it  taps,  the  limits  within  which  taps  must  lie  in  order  to  give  spedfiei: 
results  and  the  like,  and  in  due  time  the  result  of  the  work  will  b 
available.    The  panel  will  also  deal  with  dies  and  chasers. 

TOLERANCES   ON   GAGES 

38  Another  series  of  questions  is  raised  by  the  consideration 
the  tolerances  to  be  allowed  on  gages;  as  a  rough  rule  we  expect  tb 
to  be  from  ji  to  iV  of  the  tolerances  on  the  work.    Their  sign,  how- 
ever, depends  on  the  purpose  for  which  the  gage  is  required. 

39  In  Report  84  six  classes  of  gages  are  recogniiedi  defined  as 
follows: 

Standard  Gages,  A  standard  gage  is  a  gage  made  as  accurately  as  possible  to 
its  uoininal  dimensions  and  suitable  for  depositing  with  some  reoognised  authority 
such  as  the  Board  of  Trade  or  the  National  Physical  Laboratory  for  purposes  of 
ultimate  reference. 

Reference  Gages.  A  reference  gage  is  similar  to  a  standard  gage,  bul  is  in- 
tendeii  for  use  by  manufacturers  or  others.  Reference  gages  shall  be  verified, 
and  their  accuracy  certified,  by  the  National  Physical  Laboratory. 

Inspection  Gages.  Gages  used  by  inspectors  to  check  the  aocunusy  of  the 
work  and  determine  if  it  is  within  the  limits  laid  down.  They  shall  be  Tsrifisd 
and  their  accuracy  certified  by  the  National  Physical  Laboratory. 

Shop  Gages.  Gages  used  in  the  workshop  to  control  manufacture  mad  verified 
from  time  to  time  either  by  comparison  with  reference  gages,  or  by  the  use  oC 
suitable  check  gages.  Alternatively,  thoy  may,  if  desired,  be  sent  to  the  National 
Physical  I^aboratory  for  verification.* 

The  tolerances  allowed  on  inspection  gages  should  be  such  that  all  work  be- 
tween the  limits  of  size  specified  will  be  accepted.  This  is  insured  by  giviBg  a 
plus  tolerance  to  the  high  inspection  gage  and  a  minus  tolerance  to  the  kmm 


^  Tlie  work  is  usually  specified  art  lying  between  certain  definite  limita  of 
and  the  various  types  of  gages  destined  to  insure  this  (Standard,  Rcfcnneob  In- 
spection or  Shop  Gages)  usually  take  the  form  of  Limit  Gages.    The  go  limit 
should  control  all  elements  of  the  work  simultaneously.    Hie  noiga 
should  be  confined  in  their  application  to  one  clement  at  a  time. 
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National  Physical  Laboratory  at  the  rate  of  about  10,000  a  wed^;  it 
present  over  2000  screw  gages  are  being  tested  weekly. 

45  To  describe  fully  the  methods  employed  in  this  work  wouU 
need  another  paper.  They  are  dealt  with  in  a  pamphlet  note  o^ 
Screw  Gages  prepared  by  the  Staff  of  the  Laboratory. 

46  Machines  have  been  devised  at  the  Laboratory  for  the  rap*^ 
performance  of  the  measurements  required.    In  the  case  of  a  pVA 
gage  the  diameters  and  pitch  are  all  measured  in  suitable  machio-^' 
the  form  of  the  thread  is  examined  in  a  projection  apparatus  and 
concentricity  is  tested  by  the  use  of  a  complete  ring  gage. 

47  For  a  ring  gage  the  diameters  are  checked  by  suitable  go 
not-go  gages,  the  pitch  is  measured  and  the  form  is  verified  by 
a  cast  and  examining  it  in  the  projection  apparatus.    A  large  ^ 
mostly  of  ladies,  has  been  trained  to  carry  out  this  work  expeditious^  ^^ 
and  rapidly. 

MISCELLANEOUS  REPORTS 

48  A  very  brief  reference  to  other  work  on  screws  must  suffic-^^^ 
Report  No.  21  issued  first  in  1905  and  since  revised  deak  with  pi] 
threads.    These  were  the  subject  of  various  international  co: 
and  at  a  conference  held  in  Paris  in  the  Autumn  of  1913 
was  reached  on  a  number  of  fundamental  points  and  it  was  then  b 

to  issue  shortly  a  report  dealing  with  pipe  threads  on  an  intemati ^ 

basis.    This  still  remains  to  be  done.    Other  reports  have  dealt  wil^^-^^ 
high-pressure  copper  tubing  with  screws  for  automobile  use  wit^^-^^ 
spanners,  sizes  of  nuts  and  bolt  heads  and  the  like,  whOe  a  m 
dum  dealing  with  metric  threads  for  aircraft  purposes  has  reoeoi 
appeared. 

49  A  list  of  the  principal  reports  and  papers  is  given  at  the 
of  Report  84  or  in  the  Memorandum  regarding  the  scope  and 
of  the  proposed  Anglo-American  Conference  on  Screw  ThreadSi 
of  which  have  been  sent  to  The  American  Society  of 
Engineers. 

50  One  other  matter  of  great  importance  has  been  raised 
the  question  of  threads  for  designed  parts  and  their  tolemnosB, 
some  progress  has  been  made  in  considering  this. 

51  Mr.  Remington  has  also  raised  the  question  of 
in  the  number  of  pitches  in  use  with  a  view  to  the  "'"pBfifiatifl" —     ^ 
tools  and  gages,    llis  paper  on  thb  subject,  C.  L.  (M.)  3866  wiU       be 
found  most  instructive.    The  matter  is  still  under  oonadentioii      ky 
tlie  Committee  and  on  this  point  suggestions  are  deflired. 
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mum  shaft  has  the  nominal  dimensions,  the  tolerances  correapondiiil 
to  three  classes  of  work  are  all  negative.    The  dimensions  of  the  hoV 
vary  with  the  class  of  work  and  kind  of  fit  required,  the  minimum  ho^ 
will  be  of  nominal  dimensions  +  an  allowance:  the  tolerance  on  Hd^ 
latter  is  positive  so  that  the  diameter  of  the  maximum  hole  is  eqi 
to  the  nominal  dimension  +  allowance  +  tolerance. 

56  It  was  found  possible  to  arrange  the  limits  in  such  a  way 
the  allowance  for  second-class  work  is  the  sum  of  the  allowance 
tolerance  for  first-class  so  that  the  diameters  of  the  Tninimnm 
second-class  work  and  the  maximum  hole  first-class  work  are  identic=^^^* 

In  this  way  it  was  hoped  to  reduce  the  number  of  gages  required.        ^^ 

is  also  pointed  out  that  the  system  can  be  reversed,  the  hole 
made  the  basis  and  the  allowances  being  made  on  the  shafts, 
tolerances  tabulated  apply  only  to  running  fits.    The  system  has 
made  much  progress,  partly,  it  would  appear,  because  in  present 
cumstances  it  is  preferable  to  make  the  hole  the  basis,  partly  perfaa 
because  a  system  is  required  which  will  include  push  fits  and  f( 
fits. 

57  The  matter  has  been  taken  up  again  recently;  there 
various  systems  already  in  use  in  England  and  the  Continent, 
are  being  compared  and  important  memoranda  have  been  drawn 
by  Mr.  Hedley  Thomson,  Mr.  Dumas  and  others;  these  are  now  unc 
the  consideration  of  the  Committee. 

58  It  has  been  practically  agreed,  though  no  formal  decision 
yet  been  registered,  to  work  to  the  hole  basis;  the  facts  that  therel^^"^*y 
the  stock  of  reamers,  etc.,  required  is  reduced  and  that  shafts  can  W        "^ 
readily  ground  with  high  accuracy  seem  conclusive  on  this  poiii— ^J*^ 
while  no  great  difference  of  opinion  is  likely  to  occur  in  the  umjanWr  ^v 
of  cases  with  regard  to  the  values  of  the  tolerance  and  allowanoes  d^ 
sirable;  the  various  existing  systems  agree  fairly  well  as  to  these 
experience  is  decisive.    It  appears  that  for  running  fits  the 
Report  No.  27  are  fairly  correct. 

59  The  main  contention  centers  on  the  question  whether  t^ 
treat  the  nominal  dimension  as  the  minimum  diameter  of  the  hde  or  a0 
its  mean  diameter.    In  the  first  case  the  nominal  dimension  would 
constitute  the  boundary  between  shaft  and  hole  as  in  Report  No.  27; 
all  the  tolerances  on  the  hole  would  be  positive,  while  in  the 
case  the  tolerances  on  the  hole  would  be  equally  positive  and 
the  hole  limits  being 

Nominal  dimension  +  ^  total  tolerance 
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APPENDIX 

LIST  OF  REPORTS  RECEIVED  FROM  THE  BRITISH  ENGINEERING 

STANDARDS  ASSOCIATION 

BT  BUB-COlOfXTTBE  ON  SCREW  THREADS 

No.  20    (Revised  Feb.  1913)  Report  on  British  Standard  Screw  ThrMd^-* 
February  1913. 

No.  25    Report  on  Errors  in  Workmanship,  July  1906. 

No.  27    Rep<M  on  British  Standard  Systems  for  Limit  Gages  (Running  Fiti> 
June  1906. 

No.  28    (Revised  Nov.  1908)  Report  on  British  Standard  Nuts,  Bolt 
and  Spanners,  November  1908. 

No.  54    Report  on  British  Standard  Threads,  Nuts  and  Bolt  Heads  for  Ui 
in  Automobile  Construction,  March  1911. 

No.  61    British  Standard  Specification  for  Copper  Tubes  and  Their 
Threads,  April  1913. 

C.  L.  3866    Copy  of  letter  from  Mr.  Remington  re  Complete 
of  Pitch  in  Relation  to  Diameter  of  Screw  Threads,  October  27,  1917. 

C.  L.  4102    Proposed  Modification  to  Whitw(vth  Form  of  Thread, 
ments  and  Mechanical  Tests  of  Screw  Threads  Made  in  Accordanoe  TherawiUi,-i 
January  1,  1918. 

C.  L.  (M)  5076    Report  of  National  Physical  Labivatory  on  Interchan^B-' 
ability  of  Commercial  Whitworth  and  Sellers  Bolts  and  Nuts,  June  19, 1918. 

C.  L.  5174    Tables  Giving  Corrections  to  E£fective  Diameter  Required  tc 
Compensate  for  Pitch  and  Angle  Error,  July  3,  1918. 

C.  L.  (M)  5758    Notes  on  Gaging  of  British  Association  Screws  (extract  from 
C.  L.  2130),  October  4,  1918. 

C.  L.  (M)  5759    Notes  on  Tolerances  for  B.  A.,  B.  S.  W.,  and  B.  8.  F.  Screw 
Threads  (Extract  from  C.  L.  3786),  October  4,  1918. 

C.  L.  3750    Interim  Memorandum  on  French  Metric  Screw  Threads  for  Air- 
craft Purposes,  August  1917. 

No.  84,  1918    Report  on  British  Standard  Fine  (B.  S.  F.)  Screw  Threwk  and 
Their  Tolerances,  June  1918. 

C.  L.  (M)  5351     Memorandum  regarding  scope  and  object  of  proposed  Anglo- 
Amorican  Conferences  on  Screw  Threads,  July  1918. 

C.  L.  (M)  5756    Memorandum  Strength  of  Screw  Threads,  Oetober  1918. 

BT  INSTITUTION  OF  NAVAL  ARCHriECTS 

C.  L.  (M)  4536    Stress  Distribution  in  Bolts  and  Nuts,  by  C.  E.  Strooiqrer, 
March  21,  1918. 

BT  NATIONAL   PHTSICAL  LABORATORT 

Notes  on  Screw  Gages  by  the  Staff  of  the  Gage  Testing  Department,  enlarged 
issue  11,  November  1917. 
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arriving  at  a  radius  which  measurements  show  approaches  the  figure 
of  0.137  multiplied  by  the  lead. 

This  is  the  proportion  laid  down  for  the  Whitworth  roundiaC* 
The  latter  would  thus  appear  to  be  about  the  correct  rounding  witii 
which  a  tool  maintains  a  stable  point. 

Also,  the  roots  of  taps  and  cutting  or  rolling  dies  do  not  gi^ 
square  form  to  the  product  —  even  if  they  are  made  of  that  si 
—  but  a  rounded  form,  similar  in  radius  to  the  Whitworth. 
is  probably  due  to  the  fact  that  in  such  work  the  operation  of  forzz — m- 
ing  the  thread  on. the  product  is  really  partly  that  of  extruacz^vn; 
that  being  so,  the  square  or  sharp  V-root  is  not  suitable  and  the  me^  -^stal 
refuses  to  flow  completely  down  in  it,  remaining  rounded,  as  stat^    ed» 

Thus  we  do  not  differ  much  over  form*  but  should  it  be  rea^^Blly 
considered  necessary  to  give  a  complete  solution  to  the  probh  sm, 
we  could  fix  a  ''zone  of  tolerance  of  form"  at  the  root  and  crest  — 1  of 
the  thread,  to  include  both  the  nominal  square  shape  and  also  * —  the 
rounded. 

About  the  angle  of  the  thread:   The  variation  of  this 
found  in  the  product  is  so  great  that  the  nominal  difference  of  5 
between  the  U.  S.  Standard  and  Whitworth  threads  is  not  of 
consequence.    We  have  conducted  many  experiments  in  our 
tory  —  and  in  England  also  they  have  extensively  investigated 
point  —  and  we  find  that  with  the  same  pitch  the  average 
worth  bolt  will  assemble  in  the  U.  S.  nut,  or  vice  versa,  either  fi 
or  using  a  light  wrench. 


Wm.  T.  Magruder  (written).  If  another  set  of  standard 
of  screw  threads  is  to  be  added  to  the  variety  now  in  use  in 
ing  construction,  it  is  to  be  hoped  that  it  will  be  done  very  advise— — ^y 
and  with  full  consideration  of  the  materials  that  will  be 
and  the  uses  that  will  be  made  of  the  threaded  members.  It 
probably  be  shown  that  there  are  more  miles  of  bolt  threads  cut  P^ 
annum  from  ordinary  steel  bolt  stock  than  from  any  other  ^^^^ 
material  or  for  any  other  one  use.  Wliile  special  threads  may  ^ 
desirable  for  automobile  tool-steel  threaded  members  and  for  ^"^ 
bronze  screws  of  astronomical  and  physical  instruments,  the 
upon  which  civiUzation  rests  and  progress  depends  is  the  screw 
used  in  bolts  and  screws  in  general  engineering  machinery.  I^  ^ 
therefore  of  the  greatest  importance  that  standards  of  materi^H 
slmpes,  sizei«,  limits,  and  the  Uke  should  be  decided  on  with  great  e^fv 
and  that  no  radical  changes  be  made  in  present  practice  exoept  a/^ 
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E.  H.  Ehrman  ( 
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ments  are  better  met  through  a  dual  system  of  pitches.    Had  the 
British  held  our  view,  or,  conversely,  had  we  held  the  British  view, 
the  few  dififerences  that  might  occur  in  the  resulting  British  an<^ 
American  series  could  easily  have  been  adjusted  through  conferene^- 
With  reference  to  the  second  point  and  with  special  refereucr*- 
Pars.  15  and  33  of  Sir  Richard  Glazebrook's  paper,  I  would  offer  tk»  « 
following  comment:  The  time  has  come,  I  believe,  when  we  mus"^ 
in  a  specification,  do  more  than  prescribe  the  profile  that  forms  t 
ideal  boundary  between  the  external  and  internal  thread. 
should  specify  the  maximum  tool  profile,  i.e.,  that  profile  of  the 
which  when  new  will  produce  a  screw  with  the  deepest  root  and 
highest  crest;  as  well  as  profiles  of  the  '*  go  "  gages,  which  should  be 


ard  profile.   Provision  is  thus  made  for  a  definite  maximum  dearan 
at  the  crest  and  root,  and  also  for  wear  of  the  crest  of  the  tool. 

My  experience  with  reference  to  the  action  of  the  thread 
at  its  root  does  not  agree  entirely  with  that  of  the  author'    Ou 
lines  of  screw  threads,  both  external  and  internal,  on  an 
scale  of  50  : 1  indicate  that  the  thread  tool  at  its  root  suffers 
little  if  any  wear  in  service,  as  the  crests  of  the  thread  are  fairi::^ 
true  to  the  theoretical  profile  where  it  has  been  entirely  formed  b^ 
the  thread  tool.    Where  the  bore  of  the  nut  has  been  enlarged  an^ 
the  outside  diameter  of  the  screw  has  been  reduced  so  that  th^^ 
threading  tool  removes  nothing  from  the  crest  of  the  resulting 
the  metal  at  the  edges  of  the  crest,  instead  of  being  removed,  is  buil* 
up  or  spun  up,  so  that  they  are  slightly  higher  than  the  surface  a 
the  middle  of  the  crest.    Observation  also  shows  that  the  thread 
has  under  such  conditions  cut  the  thread  fairly  concentric  with 
lK)re  of  the  nut  and  the  body  of  the  screw. 

With  the  provisions  made  for  clearance  as  cited  above,  I  beli< 
( 1 )  that  considerable  eccentricity  of  the  thread  with  reference  to 
bore  or  body  diameter  is  permissible  and  (2)  that  much  latitude 
be  allowed  with  reference  to  the  shape  of  the  tool  crest.    In  fact,  i 
is  immaterial  except  as  to  the  relative  "life"  of  the  thread  tool 
whether  the  crests  of  the  tool  be  of  the  Sellers  or  Whitworth 
My  personal  experience,  however,  is  the  ground  for  my  prrferenoe  fi 
a  thread  having  flattened  crests  and  roots.    The  reasons  for  tha^ 
opinion  are  given  in  the  report  referred  to  in  Par.  63. 

-Chester  B.  Lord  (written).    Threads  at  best  are  a  debatable 
and  theoretical  subject  of  which  more  is  guessed  at  than  known, 
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100  per  cent  height 


892  SCREW  THREADS  AND   LIMIT  GAGES 

and  it  has  been  necessary  to  make  taps  and  dies  to  cut  as  the  gag^ 
demanded,  rather  than  to  make  them  as  they  should  be. 

Another  fact  to  be  considered  is  that  in  most  other  things  w^ 
usually  gage  only  finished  parts.    We  never  think  of  holding  to  clos^ 
limits  on  a  roughing  cut,  but  still  we  insist  upon  doing  so  on  a 
which  is  precisely  a  rough  cut  as  it  is  made  with  a  tool  which  lacks  th 
necessary  clearance,  rake,  and  rigidity. 

Another  point  which  shows  the  fallacy  of  our  thread-gagi 
methods  is  that  many  threads  enter  the  maximum  gage  with  difficult 
the  first  time  and  shake  the  second  time.    The  answer  to  this,  o: 
course,  is  that  the  threads  are  rough  at  first  and  fit  the  gage  snugly 
In  the  process  of  trying  them  in  the  gage,  however,  they  beco 
smooth  and  where  gaged  a  second  time  are  a  loose  fit.    This  is  m< 
particularly  true  of  brass.    Also,  using  a  ring  gage  often  takes  o: 
the  point  of  the  thread  so  that  it  will  not  pass  the  test. 

In  practice  it  is  usually  the  difference  in  the  lead  between  t 
male  and  female  thread  that  makes 'the  fit.    We  make  our 
accurately  in  this  respect  and  then  find  it  is  impossible  to 
taps  and  dies  anywhere  near  as  accurate. 

The  question  of  lead  and  angle  has  never  been  considered 
important  as  since  we  entered  the  war.  I  think  it  may  be  stated 
without  exaggerating  that  there  are  not  a  himdred  lathes  in  the 
United  States  having  lead  screws  of  identically  the  same  charac- 
teristics, considering  as  a  basis  the  degree  of  accuracy  used  by  the 
Bureau  of  Standards  in  measuring  gages.  This  being  so,  it  follows 
that  it  is  impossible  to  get  taps  from  different  makers,  or  even  from 
the  same  maker,  which  will  check  up  accurately  with  a  gage  made  by 
some  one  else. 

With  the  introduction  of  the  wire  method  of  measuriDgf  it  is 
now  necessary  in  cutting  a  thread  to  figure  out  in  abstruse  mathe- 
matics the  angle  the  thread  tool  should  have  in  order  to  generate  a 
thread  of  the  required  angle  and  pitch  diameter. 

The  question  then  naturally  arises,  Are  we  not  making  our  threads 
to  conform  to  the  results  secured  by  wire  measurements,  and  mislead- 
ing ourselves  as  to  the  angle  and  pitch  diameter  obtained  7  Are  we  not 
taking  the  wire  system  as  an  end  and  making  our  threads  confoim  to 
the  wire  rather  than  using  the  ^ire  as  a  means  of  measurement?  In 
other  words,  we  do  not  know  whether  we  are  getting  the  correct  an|jk 
and  pitch  diameter  with  our  wires,  but  we  make  our  threads  conform 
to  them,  nevertheless,  and  I  contend  that  the  wire  system  of  mensme- 
nient  should  1x3  used  for  duplication  only  and  not  to  set  standards. 
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with  open-hearth  rod  at 
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the  bottom  of  the  thread  on  the  tap,  thus  allowing  the  metal  to  flov. 

Having  hypotheti(ially  gone  to  the  practice  of  milling  our  throds 
and  having  secured  thereby  what  by  individual  measurements  we 
call  a  100  per  cent  thread  of  the  proper  lead  and  pitch  diameter,  and 
having  also  secured  from  the  Bureau  of  Standards  a  gage  as  rx^ 
perfect  as  they  can  manufacture,  what  will  the  gage  tell  us  *i"^ 
regard  to  the  thread?    It  does  not  tell  us  whether  the  thread  aw^ 
is  too  small  nor  whether  the  pitch  is  correct.     It  does  not  tell  whe^!^ 
the  outside  diameter  is  too  small.    It  simply  tells  us  three  thi^' 
(1)  whether  the  outside  diameter  is  too  great,  (2)  whether  the  ba^  ^^ 
of  the  thread  is  oversize,  and  (3)  whether  the  lead  is  correct. 

I  am  assuming  that  the  above  was  a  maximum  gage.  A4  ^^ 
a  minimum  gage  w^ould  establish  only  one  thing  more;  i.e.,  ^ 
minimum  outside  diameter. 

The  shape  of  the  thread  to  be  adopted  is  another  subject  of        "^ 
cussion  which  is  mostly  futile.    Some  advise  U.  S.  Standard  th^^****^ 

type,  others  V-threads,  when  as  a  matter  of  fact  both  actually ^ 

on  fine  threads  a  Whitworth  type,  caused  by  the  comers  of  the  ** 
wearing  and  the  dragging  of  the  material  when  the  die  becomes  (■^"^ 
This  shows  the  advisability  of  divorcing  theoretical  mechanics  fi 
practical  results. 

I  have  stated  that  if  we  had  perfect  gages  and  a  perfect  nut  ^ 
bolt,  we  would  reject  them  when  we  came  to  use  them.    So,  logica--^^; 
if  perfection  is  not  satisfactory,  less  than  perfection  must  be. 
may  lay  it  down  as  an  axiom  that  two  threaded  pieces  the 
the  threads  of  which  are  the  complement  of  each  other,  cannot 
made  correctly,  produce  a  tight  fit.    What  is  required  is  to  pi 
enough  metal  on  the  male  member  to  fill  the  female  threads,  and 
this  process  any  desired  fit  may  be  secured. 


James  Hartness,  commenting  on  the  remarks  by  Mr.  Lord, 
that  the  purpose  of  gaging  was  to  determine  the  character  of  the  fi? 
It  was  necessary  to  measure  the  screw  thread  before  it  entered  uni 
the  stress  of  its  work,  and  the  gage  was  supposed  to  indicate  what  iIk 
fit  would  be  when  the  screw  was  under  stress,  for  the  special  work  t 
wliich  it  was  applied.    He  hoped  later  to  present  a  communicatioi 
to  the  Society  on  the  phase  of  this  subject,*  and  for  the  present  woi 
merely  suy  that  the  work  of  the  projection  lantern  as  it  had  been  Gn^ 
worked  out  under  the  auspices  of  the  National  Physical  Laboratoryv 

1  Optical  Projection  for  Sere w-'i'h read  Inspection,  J.  HartnMi,  MBaiAxicA& 
Knuin BERING ,  Fcbniaf}'  1919,  pp.  127-135. 
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business.    Its  work,  during  the  war  period,  will  become  a  natiooil 
industrial  asset  and  change  the  entire  mental  attitude  of  the  fH^ 
ployer  and  the  employee  to  one  of  greater  cooperation  and  \ii^^ 
eflBciency  for  years  to  come. 

4  Unintentionally,  perhaps,  -and  unconsciously,  this  bureau  ^^ 
created  an  element  in  labor  dilution  which  was  not  included  in  ^ 
original  program,  as  it  has  already  established  in  the  minds  of    'V^ 
consumer  that  waste  of  labor  and  materials  is  the  greatest  fo^   ^ 
labor  dilution  that  a  nation  may  have.    This  is  a  vital  problem  ^^^ 
it  is  the  engineer  who  must  solve  it  in  a  scientific  and  satisfacU  ^^■W 
manner. 

5  This  paper  is  intended  to  outline  the  breadth  and  Boopa^^^ 
labor  dilution  as  applied  to  national  resources  from  a  broad  rat 
than  a  detailed  viewpoint. 

6  For  years  following  the  war  our  usual  ideas  and  whims 
change  and  must  be  sacrificed  to  the  needs  of  world  economy 
welfare.    That  which  is  done  will  be  done  in  a  way  to  conserve 
profits  will  become  secondary.    This  will  involve  the 
of  men  and  materials  in  its  broadest  meaning,  since  the  supplier-     ^ 
both  have  become  so  seriously  depleted  through  the  waste  erf  wai 

7  When  peace,  prosperity  and  plenty  prevail,  there  is  an 
creased  desire  for  ease,  luxury  and  opulence  on  the  part  of 
who  have  accumulated  wealth;  and  for  lighter  burdens  and  grea' 
pay  on  the  part  of  the  workers.    There  is  an  inclination  I^  all       ^^ 
neglect,  to  a  certain  degree,  their  moral  and  patriotic  responsibilitk 

8  During  the  past  50  years  the  conservation  of  national 
sources  and  economies  in  their  production  and  use  have  been 
ficed  in  this  country  for  financial  gain.    During  the  past  15 
however,  the  mental  attitude  of  the  people  has  been  undergoing 
gradual  dhangc  toward  economies  that  must  necessarily  develop 
wc  take  a  stand  in  the  world's  progress  and  uplift. 

9  Ultimately  it  must  be  ''the  survival  of  the  fitteat." 
nation's  industries  must  be  those  for  which  it  is  particulaily  ada] 
they  must  be  conducted  in  the  most  economical  manner,  and  fi 
ties  for  vending  and  transporting  their  products  must  be  mi 
equally  economical  basis.     For  products  of  equal  quality, 
having  the  lowest  unit  costs  will  naturally  maintain 
and  industrial  supremacy. 

10  National  resources  have  no  commercial  nor  financial 
when  lying  dormant.    There  is  no  value  in  any  natural 
until  labor  has  l)cen  expended  in  its  conversion  to  the  un  of 
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I  Immigration  has  practically  ceased. 
j  The  birth  rate  will  supply  but  a  small  per  cent  of  the  m*^ 
power  needed. 

15    From  the  enumeration  of  the  above  items,  it  can  be  f"*jS*^ 
appreciated  that  the  accumulation  of  work  to  be  performed  is   cX^ 
pendous.    Therefore,  if  our  present  methods  continue,  the  g"*^^ 
problem  will  be  to  obtain  labor  for  this  work. 

10  Without  being  pessimistic  at  the  outlook,  it  would  9-^^^ 
fair  that  the  facts  should  be  faced  and  preparation  made  along  ^ 
lines  of  labor  dilution  to  successfully  cope  with  the  situation. 

17  The  seriousness  of  the  situation  can  be  realized  by  quo  ^^ 
a  few  statistics.  The  high  tide  of  immigration  to  this  country'  ^^^ 
reached  in  1913  and  1914,  during  which  period  1,300,000  immigr^^t^ 
came  to  this  country,  of  which  it  can  be  assumed  that  900,OOCI3  to 
1,000,000  were  males  of  workable  age.  Of  this  number,  23  f*' 
cent  came  from  Austria-Hungarj'^,  23  per  cent  from  Italy,  21  J**" 
cent  from  Russia,  8  per  cent  from  Canada,  6  per  cent  from  Engln*  |^' 
3  per  cent  from  Gennany,  2J  per  cent  from  the  Scandinav^"'^^'^ 
Peninsula,  making  a  total  of  86J  per  cent.  The  remaining  ^^} 
per  cent  came  from  all  the  other  countries  of  the  world.  It^  ^ 
interesting  to  know  that  less  than  17/100  of  1  per  cent  came  fr^*^ 
Holland,  France  and  Switzerland. 

18  From  1914  to  1917  over  800,000  immigrants  came  to 
country,  a  number  which  is  materially  offset  by  the  return  to 
colors  of  many  immigrants  of  the  pre-war  period.    During 
year  1918  immigration  to  this  country  practically  ceased. 

19  This  country  is  dependent  almost  exclusively  on  immigrant 
for  common  labor  in  mining,  agriculture,  steel  making,  road  buildia.^^'^ 
and  the  development  of  public  utilities. 

20  It  is  self-evident  that  we  cannot  depend  on  .European  u 
migration  to  this  country  for  this  period.    The  depletion  of 
power  due  to  war  losses  and  the  demand  for  this  power  in  the 
struction  |)eriod  abroad  combined  with  the  internal  development 
that  is  likely  to  t^ikc  place  in  Russia  will  mean  that  emigration 
these  countries  ^ill  be  prohibited.    Further,  of  the  man  power 
by  this  country  to  Europe  at  least  ten  per  cent  will  be  incapacitat 
for  work  of  a  strictly  laboring  character. 

21  We  will  therefore  be  practically  dependent  upon  native^bor^ 
Americans,  h:used  on  our  population  of  1900  to  1905,  which  is  esti' 
mated  as  ninety  to  ninety-five  millions. 


22  The  best 
indicate  that  the  a 
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^n  of  10  persoi 
would  annually  co 
300,000,  of  whom 

23  The  influ* 
iberty  have  prob 
H-orkable  age  a  de 
3rdinary  laborer  o 

24  A  review 
meet  the  requirec 
that  careful  thou) 
iriginally  apphed, 
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if  the  principle  tl 
t  partakes  of  basi 

25  While  the 
IS  a  war  measure 
;he  post-war  peri 
nation's  man  pow( 

26  This  brinf 
Mecessity  to  a  phj 
A'as  originally  inte 

27  Broadly  speaKing,  laoor  aiii" 
he  functionalizing  of  the  work  of  i 
ess  skilled  man,  but  it  is  equally 
ind  unnecessary'  labor  which,  at  the 
ary  due  to  the  mental  attitude  am 
levelopment  and  peace.  It  would 
em  of  labor  dilution  can  best  be  api 
oUowing  program : 

Standardization   (Indirect) 

a.  Legislative  Methods. 

b.  Business  and  Financial  Methods. 

c.  Transportation  Methods. 

d.  Mining  and  Agricultural  Mclfiodi 

e.  Manufacturing  Motlio<ls, 
'     CooPEiUTios  (Indireclj 

a.  Legislative  Methods, 
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h.  Capital  and  Labor, 
c.  Engineering  Methods. 

Elimination  (Direct) 

a.  Non-essential  Statistical  Work  and  Data. 

b.  Non-essential  Office  Work. 

c.  Non-essential  Administrative  Work. 

d.  Non-essential  Sales  and  Advertising  Work. 

e.  The  Idle  Citizen  or  Loafer. 

Education  (Direct) 

a.  Of  the  Legislator. 

b.  Of  the  Business  Man. 

c.  Of  the  Engineer. 

d.  Of  the  Executives. 

e.  Of  the  Laborer. 

Occupation  (Direct) 
a.  Analysis. 
6.  Distribution. 

c.  Localization. 

d.  Compensation. 


^^' 


^ 


STANDARDIZATION    (INDIRECT; 

28  While  the  final  effect  of  standardization  on  labor  dilu^*^ 
is  indirect,  this  is  the  foundation  on  which  it  should  be  built.    ^^\ 
principal  divisions  are  outlined  above  and  will  be  brieBy  Bntiy^^ 
in  the  order  of  their  importance.  . 

29  a.  Legislative  Methods.    All  laws  re^uxling  the  oonduefr     ..^ 
business  should  be  simple  and  direct  and  the  purpoee  in  view  sbc^'*'^^. 
be  the  eliminating  from  the  honestly-conducted  buanesBy  oom,^^^ 
cations  or  hardships  involving  unnecessary  expense  and  red  ta; 
such  laws  to  be  drawn  up  with  the  hearty  and  consistent  cofipent^ 
of  the  legislator,  the  business  man,  and  the  employee,  with  a  vt 
of  making  such  laws  as  simple  and  direct  as  possible.    With 
esty  of  purpose  and  fair  dealing  on  the  part  of  all,  there  should 
no  serious  difficulty  in  establishing  laws  that  would  be  mudi 
simple  and  uniform  than  those  at  present  in  force. 

30  b.    Business  and  Financial  Methods.    Where  there  has 
rapid  gro\^th  and  an  immense  volume  of  business,  it  has 
carried  with  it  an  enormous  labyrinth  of  complicatioDi  dupUeati 
and  detail  work,  which  requires  the  employment  of  a  lai|e  numl 
of  non-producers  to  care  for  records  necessary  to  deliver  the 
material  to  the  consumer.    The  result  of  standanfiaatum 
in  a  measure,  automatically  eliminate  this  labor  and  tmd  to 
the  cast  of  doing  business. 


31  c.  Transporta 
n  the  transportatioi 
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arriers,  and  an  im 
rith  improved  meth 
Teat  amount  of  labo 

32  d.  Mining  ar, 
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33  e.  Manufadu 
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34  It  naturally 
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jsentials  under  the 
uce  results. 


35  The  natural  : 
on  would  be  elimii 
me  would  necessar 
on. 

36  The  general  h 
re  covered  in  the  pre 
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EDUCATION    (direct) 

37  Following    standardization,    cooperation    and    eliminatioD. 
there  should  be  a  concerted  effort  to  educate  to  a  new  epoch  of 
economy.    The  term  Education  as  applied  to  this  particular  phase 
of  the  situation  is  used  as  an  expression  for  the  change  of  the  mental 
attitude  of  the  public  from  that  of  extravagance  to  that  of  btf»^ 
economy.    It  should  teach  that  '*  Waste  makes  want,  and  ^^^^ 
makes  woe"  and  that  the  conservation  of  our  present  energ>'    ^ 
natural  resources  is  of  greater  national  value  than  the  unUnxHcd 
accumulation  of  the  almighty  dollar. 

OCCUPATION    (direct) 

38  Last  but  not  least,  occupation  should  be  considered  ii»  ^"* 
problem  of  labor  dilution.  An  era  is  approaching  in  which  ^ 
conditions  of  the  present  and  past  will  be  entirely  changed.  *'^T™ 
new  era  will  involve  a  wholesale  change  in  the  distribution  of  (►-^ccui 
pations.  In  order  that  this  may  be  done  with  the  least  disturfwu-^^* 
a  careful  analysis  should  be  made  of  the  adaptability  of  the  i  -^""" 
vidual  to  the  occupation  and  consideration  should  be  given  to  7* 
distribution  of  individuals  to  such  occupations.  Coincident  ^^^. 
this  should  follow  the  locating  of  industries  at  such  points  as  -^^** 
insure  economic  production.  . 

39  The  occupational  problem  that  vnll  ensue  will  always  1^^*^ 


to  differences  of  opinion,  but  it  is  governed  largely  by  supply  _ 
demand  niul  the  standards  of  living  in  different  communities 
nations.    The  lower  the  standard  of  living,  the  lower  the  com 
sation  for  labor.    The  higher  the  standard  of  living,  the  higher 
labor  comi>ensated.    The  problem,  however,  resolves  itself  into 
i)roduction  and  deUvcry  to  the  consumer  at  the  lowest  possil]^' 
cost  with  a  fair  profit  to  the  manufacturer. 

40  These  are  facts  showing  that ''  a  condition  and  not  a  theory 
confronts  us.     If  it  is  exi)ected  to  keep  in  circulation  the  curreDc 
of  the  world  at  the  present  rate,  it  is  necessary  that  public  improvi 
ments,  manufactories,  agricultunil  and  mining  interests,  should 
timie  at  a  rate  commensurate  with  the  present  circulation  of  money 

41  This  means  a  gradual  readjustment  and,  in  order  to 
prepared   for   this   readjustment,    the   pmblem   should   be   looke^^ 
s(iuan»ly  in  the  face  and  the  way  paved  by  which  such  readjustment 
can  be  made  with  the  least  possible  disturbance.    This  can  onl^^' 
be  done  i)y  can  ful  planning  and  iiction  on  the  part  of  the  country^ 
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has  found  that  best  results  have  been  obtained  where  learners  vt 
trained  upon  production  work  according  to  the  factory  requirement 
and  up  to  the  same  standards  of  the  various  branches  into  which  t^ 
learners  are  to  be  transferred  after  training.    Such  training  carri^ 
on  in  a  large  way  would  at  least  accomplish  the  more  import^^ 
results  sought  through  dilution. 


1 


:a< 


to  strive  for  the  high  standards  of  mechanical  ability  we  have 
fore  demanded. 

For  years  we  have  overlooked  a  valuable  source  of  labor  suppi 
right  at  our  doors  simply  because  we  had  no  means  of  utiliaing 
labor.    We  have  neglected  to  study  the  mental  progroBB  (rf 
skilled  and  unskilled  laborers.    We  have,  without  thinkiDg, 
them  to  the  laboring  positions,  never  giving  them  the  benefit  of 
ambition  to  aspire  for  advancement. 

During  the  past  year  our  experience  has  been  that  men 
formally  applied  for  laboring  positions  were  asking  for  ni^hin^  j 
In  questioning  them  we  found  they  had  no  special 
qualify  them  for  the  important  positions,  and  the  result 
many  of  them  were  turned  away.    However,  in  the  aeroplane 
ness  it  was  not  possible  for  us  to  draw  from  an  availaUe  Bapfty 
expert  a  roplane  mechanics,  and  there  were  operations 


the 


Charles  E.  Fouht  ^  (written).    Except  as  applied  to  f( 
workers,  labor  dilution  has  already  had  a  fair  start,  notwithstani^  -^ 

the  immense  amount  of  constructive  work  that  has  been  done  throe ^ 

the  Army  and  Navy  instruction  centers. 

The  Curtiss  Aeroplane  and  Motor  Corporation  was  one  of 
first  to  appreciate  the  value  of  maintaining  a  school  for  the  p^ 
pose  of  training  our  female  workers  on  exactly  the  same 
they  would  be  expected  to  perform  in  the  production 
The  success  of  this  work  is  evident  to  all  employers  who  have 
used  women  on  operations  formerly  performed  by  male  labw. 
have  made  good,  and  it  is  the  universal  opinion  that  on  many  j 
women  are  better  than  men. 

Will  industry,  now  that  it  understands  what  results  can  be 
complished  by  labor  dilution,  revert  to  the  old  state  of  aSaiisT 
think  not.  We  have  been  accustomed  to  measure  our  needs  bj 
other  fellow's  experience,  but  now  it  is  plain  to  us  it  is  not  n 


N.  Y. 
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Even  before  the  war  employment  managers  were  unanimous  is 
the  statement  that  there  was  a  shortage  of  qualified  mechanics- 
Manufacturers  and  employers  of  labor  generally  were  responsibte 
for  this  state  of  affairs,  because  when  there  was  a  mechanical  position 
to  be  filled  they  demanded  an  Al  man  for  the  job.     We  had  loBl 
since  given  up  the  practice  of  the  indentured  apprenticeship,  aaci^^ 
was  not  so  much  the  question  of  where  the  man  received  his  trair^i^ 
as  it  was  to  get  the  right  man.     The  idea  of  doing  their  part  ir*    ^ 
placing  and  developing  the  inevitable  loss  of  expert  mechanics  da  ^  ^^ 
old  age  and  death  did  not  concern  them  until  the  war  came,  and  t  ^9^ 
best  men  either  enlisted  or  were  drafted  into  the  Army  and  X^»*^'- 
It  was  then  the  necessity  of  labor  dilution  manifested  itself.  ^ 

dustry  and  the  workers  have  benefited  by  the  introduction  of  "*' 
tensive  training  methods,  and  it  is  not  reasonable  to  suppose  they  ^ 
going  to  turn  their  backs  on  a  system  which  has  enabled  the  Gov^^""*' 
mcnt  to  provide  the  sinews  of  war.  We  have  taken  a  step 
which  does  not  permit  retraction. 

The  Author.    The  remarks  of  l)oth  Mr.  Johnson  and  Mr.  Foil 
are  very  pertinent  to  one  or  two  of  the  items  mentioned  in  the  pa| 
and  are  interasting,  instructive,  and  entirely  true  from  their  vie 
point.     From  the  broader  viewpoint,  however,  and  looking  ahead 
the  conditions  which  will  develop  in  the  next  quarter-centur>'  in  t 
country,  they  lose  sight  of  the  broader  phase  extending  beyond  t 
factor^'  walls  and  the  factor>'  schools  into  our  national  life. 
fail  to  sec  that  in  order  to  keep  our  industries  operating,  our  fieh 
tilled,  and  our  transportation  facilities  in  operation,  in  addition  t 
our  former  gain  in  population  we  have  absorl)ed  from  a  million  to 
million  and  a  (luarter  iinmigranU^  ])er  year.     This  influx,  howevei 
hjU"?  ccitseil,  and  hefore  i)rospcrity  is  in  full  swing  it  will  in  a  meas 
l)e  necessary  to  cover  in  word  an<l  action  the  entire  program  as  out- 
lined in  the  paper. 
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iO  INDUSTRIAL  ORGANIZATION, 

magi  nation.  Because  we  will  confront  problems,  the  like  of  wlucfa 
we  never  solved  before  nor  ever  planned  to  solve,  there  is  littk  1© 
go  by  —  no  charts,  no  sextant,  no  compass,  no  gages  of  any  kind. 

3  Yet  we  must  find  a  way  out.      The  world  seems  to  ^ 
completely  lost,  but  it  cannot  stay  lost  or  we  perish  from  the  ear^ 
Leadership  and  statesmanship  of  the  highest  type  are  needed    ^ 
never  before  in  the  world's  history.    My  sincere  feeling  is  that     ^ 
will  have  both,  for  I  have  an  abiding  faith  in  the  principle  that  e^^^^ 
crisis  makes  its  own  leaders  in  the  workings  of  an  all-wise  Provide  ^^^ 
of  which  we  may  know  nothing,  but  of  which  we  are  cogniiant. 

INDUSTRIAL  RECONSTRUCTION 

4  In  order  to  work  out  the  semblance  of  a  logical  or  oi 
basis  for  reconstruction,  let  me  establish  a  few  fundamental  pi 
ciples: 

a  To  fill  depleted  treasuries,  trade  at  home  and  abi 

necessary,  and  the  basis  of  trade  is  industry 
b  For  posterity  to  pay  off  debts  in  the  form  of 

industry  must  operate  at  a  maximum,  and  the  baas       ^ 

industry  is  labor. 
c   To  feed  a  hungry  world  the  products  of  the  farm 

required,  and  to  work  the  farms  labor  is  necessaiy 
d  To  replace  destroyed  and  run-down  property  requires 

products  of  labor 
e   To  take  care  of  the  blind,  crippled  and  helpU 

industrial  and  therefore  a  labor  problem 
/   To  demobilize  and  dismantle  our  war  machine 

the  great^t  amount  of  consideration  from  an  industri^^ 

and  therefore  a  labor  angle. 

5  It  therefore  seems  that  the  basis  of  the  reconstruction  will 
be  industry,  with  the  foundation  of  industry  being  labor.     In  thi^ 
connection  let  me  state  a  principle  which  labor  as  well  as  capital 
must  realize  in  the  future:  If  a  military  war  cannot  be  won  without 
quantity  production,  n  conimercial  war  certainly  cannot. 

6  This  all  spells  a  Ix^ttcr  getting  together  between  the  em- 
ployers on  the  one  side  and  the  workers  on  the  other. 

INDUSTRIAL   DEMOCRACY 

7  It  must  not  take  long  for  industrial  democracy  to  beocxne 
reality  and  it  need  not  take  long  if  we  get  down  to  fundament 
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accomplish  certain  definite  ends  in  life.  If  this  adjustment  is  faulty, 
then  we  have  an  inefficient  organization,  incapable  of  making  a 
success  of  what  it  undertakes.  But  if  it  is  correct,  logical  and 
established  along  sound  lines,  then  success  is  bound  to  result. 

PROGRESS  THROUGH   ORGANIZATION 

13  The   progress   of  individualism   through   organization  bae 
come  through  four  stages:   First,  the  individual  depending  entixdy 
upon  its  own  efforts.    Second,   the  appreciation  of  cooperation 
when  individuals  sought  others  of  their  kind  and  formed  cXf^ 
munities.    Third,  the  conception  of  the  necessity  of  superviaio0  ^® 
assure  unity  in  purpose  and  action.    Fourth,  the  conception  o' 
specialization  and  organization  through  proper  coordination. 

14  During  these  stages  it  was  found  that  certain  men  -^s*^ 
leaders  and  certain  other  men  followers.    The  leaders  found  "^^^ 
instead  of  having  each  man  do  all  the  work  necessary  to  maiift'^*^ 
himself,  greater  results  were  obtained  when  some  were  sent  to  ^sh, 
others  to  hunt,  and  still  others  to  till  the  soil. 

15  It  is  this  latter  conception  which  has  unshackled  the  huc^^ 
race  from  the  bonds  of  individualism,  for  there  is  no  task  bo  ^^^ 
pendous  that  it  cannot  be  divided  into  innumerable  minor  ta^^^' 
each  of  which  can  be  eflRciently  accomplished  by  an  Individ*-**^' 
The  science  of  organization  can  then  be  defined  as  "the  proo^'"^ 
of  dividing  a  complex  objective  into  minor  activities,  each  of    '  ^  ^ 
is  well  within  the  scope  of  individual  effort." 

INDUSTRIAL  RELATIONSHIP 

16  It  therefore  seems  that  before  any  discussion  on  organii 
tion  as  it  affects  executives  and  workers  is  undertaken,  it  is 
sary  to  give  better  consideration  than  has  been  done  in  the 
to  wliat  industrial  relationship  really  means.    This  can  be 
by  stating  three  self-evident  facts: 

a  Industry  is  notliing  but  the  acts  of  various 

engaged 
h  Management  consists  of  controlling  and 

acts  of  the  various  individuals  engaged  in  industiy 
c  Industrial  relations  are  the  reactions  created  in  all  indi 

viduals,  as  a  result  of  this  control  or  guidance  on  tk^ 

part  of  the  management. 

17  Having  established  these  facts,  the  matter  of  the  flow  C7 
infliiciice  in  relationship  is  of  vital  importance  and  can  be  stated: 
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b  We  must  eliminate  strenuousness  in  work 

c  Force  and  drive  must  give  way  to  leadership  wbick 

inspires  men  to  accomplish  things 
d  The  faith  of  man  in  men  must  be  a  greater  part  of  oui 

industrial  life  than  it  is  today 
6  There  must  be  a  separation  of  the  inefficiency  of  men  ^J^ 

management 
/  More  consideration  must  be  given  to  the  problem      ^ 

increasing  exertion 
g  Worry  on  the  part  of  our  workers  must  be  eliminated 
h  There  must  be  a  more  equitable  distribution  of  respornv^ 

bility 
i  The  question  of  habit  must  receive  proper  oonaideratS^ 
j  There  must  be  a  more  intelligent  selection  of  em 
k  There  must  be  fewer  strikes  and  less  industrial  warfare 
I  Labor  and  capital  must  view  things  more  from 

other's  standpoint 
m  There  must  be  more  attention  given  to  industrial 

vocational  education 
n  Rest  and  fatigue  must  receive  greater  consideration 
0  Work  that  stimulates  must  take  the  place  of  enerv; 

work. 

23  At  this  point  let  me  state  a  principle  which  is  the 
of  my  years  of  contact  with  industrial  problems:    In  industry, 
difficulties  at  the  bottom,  in  the  way  of  faulty  relationahipy  ind 
trial  clash  and  inefficiency,  are  nothing  more  or  less  than  the 
of  disorganization,  lack  of  coordination  and  the  absence  of 
defined  policies  at  the  top. 

24  It  is  frequently  stated  that  "There  is  plenty  of  room  a^ 
the  top/'  or,  ''It  seems  impossible  for  us  to  get  competent  men 
this  section,"  or,  ''The  man  is  willing  and  a  hard  worker  but 
not  seem  able  to  secure  results."    In  the  majority  of  cases  the  fmul 
lies  not  with  the  men  themselves  but  with  the  (Mvaniiation 
management. 

LAWS  OF  ORGANISATION 

25  I  bei^ame  so  firmly  convinced  that  industrial  su< 
failure  depended  entirely  upon  whether  a  concern  wai 
or  disorganized  that  I  have  endeavored  to  reduce  my 
and  the  experience  of  my  associates  to  a  concrete  basis  in  an  effort 
to  establish  the  following  definite  laws  of  organisation: 
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for  the  successful  conduct  of  his  department,  as  he  controls  all  t^ 
factors  in  connection  therewith  and  can  therefore  be  given  to  under- 
stand that  he  will  stand  or  fall  according  to  his  showing.    The  strict 
observance  of  this  law  when  organization  is  being  effected  greatly 
reduces  the  amount  of  supervision  required,  and  also  tends  to  devel<>P 
and  strengthen  the  men  in  the  concern. 

33  Individualism.    A  battle  cannot  be  won  by  half  a  do^^^ 
generals,  all  of  whom  have  equal  authority.    There  must  be  o 
man  control. 

34  When  a  man  enters  an  organization,  his  duties  and  all  matt 
which  lie  is  to  be  held  responsible  for  should  be  definitely  stated 
him.    In  addition,  he  should  be  told  who  the  head  is  to  whom 
responsible  for  carrying  out  his  duties,  as  well  as  who  the  men 
that  will  be  responsible  to  liim. 

35  Mental  Capacity,    When  a  department  or  business  is 
organized,  a  division  should  be  made  with  reference  to  the  knowledi 
and  abiUty  that  will  be  required  of  the  man  who  shall  supervise  t 
work,  as  well  as  with  respect  to  the  knowledge  and  ability  that  th 
men  must  have  who  shall  actually  carry  out  the  work.    Then,  t 
what  is  to  be  done  must  be  within  the  capacity  of  the  aveiBge  t 
of  men  who  are  fitted  to  fill  the  various  positions. 

30    If  an  organization  is  divided  according  to  its  most  diffic 
function  so  that  the  knowledge  required  for  each  position  will 
as  little  as  possible,  and  the  positions  are  arranged  so  that  eac 
executive  has  complete  control  of  all  the  factors  affecting  the  su 
of  his  function,  the  executive  positions,  as  a  nile,  can  be  ^'cU  handl 
by  average  men. 

37  Specialization.     An  organization  should  be  divided  so 
to  develop  speciaUsts.    To  this  end,  care  must  be  taken  that  on 
department  head  shall  not  duplicate  the  work  of  another. 

38  If  the  knowledge  necessary  to  manufacture  and  market 
number  of  products  is  divided  up  into  a  number  of  limited  fields  oi 
knowledge,-  as  it  were,  and  one  man  is  put  in  charge  of  all  the  worl^ 
in  each  of  those  fields  of  knowledge,  these  men  will  become  specialists^ 
Now  if,  under  each  of  these  men,  each  of  the  sub-heads  is  in  charge 
of  all  the  work  representing  one  portion  of  that  field  of  knowledge^ 
tluMi  there  is  an  organization  of  speciali^sts. 

39  In  an  organiziition  of  specialists  there  is  no  difficulty  io 
finding  men  to  fill  competently  executive  positions,  for  the  avenigP 
man  with  (executive  ability  can  handle  efficiently  a  large  amount  of 
work  in  a  limited  field  of  knowledge. 


1« 
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no  definite  idea  of  functions  and  duties,  no  charts  showing  relfttiof^ 
ship. 

46  The  concern  that  insists  on  properly  issuing  complete  writAf^ 
information  covering  the  material  it  buys  or  the  product  it 
should  not  deem  it  imnecessary  to  have  written  ibstructioiis 
charts  covering  the  operations  of  the  people  who  use  the  mat 
and  make  the  product. 

47  Staff,  The  average  executive  of  a  manufactuiiog  pt_  >n^ 
is  usually  so  engrossed  in  the  routine  of  getting  out  product=ioi^ 
that  he  has  not  the  time  to  make  a  detailed,  painstaking  sti 
of  the  various  methods  and  systems  in  his  department,  with  a 
to  making  any  necessary  improvements.  It  is  for  this  reason  t 
the  use  of  staff  men,  who  are  kept  free  from  routine  duties,  and 
are  able  to  devote  their  entire  time  to  the  study  of  one  problem 
another,  has  come  into  well-deserved  favor. 

48  The  chief  of  sta£f  should  be  a  man  of  experience,  tact, 
exceptional  anal3rtical  abiUty.  Every  department  manager  sho^  -^ilo 
have  the  right  to  call  on  the  staff  men  to  assist  him  in  the  solutioi^^  ^ 
his  problems,  and  to  have  them  make  detailed  studies  of  any 
of  his  department  that  are  not  running  satisfactorily.  If  the 
can  be  induced  to  make  such  calls  on  the  staff  freely,  the 
obtained  will  be  satisfactory,  but  if  staff  advice  has  to  be  forced 
them  the  results  will  be  little.  Staff  consultation  should  never 
forced  on  a  manager  except  when  the  reports  from  his  de| 
show  decidedly  poor  results  and  he  does  not  call  on  the  staff 
iissistance.  In  these  cases  it  should  be  suggested  that  the  staff 
him,  and  if  he  refuses  to  take  the  suggestion,  he  should  be  forced 
accept  their  cooperation. 

DEVELOPING   INITIATIVE 

49  With  reference  to  these  laws  of  organization  for  man-building 
its  they  pertain  to  the  managers  and  executives,  certain 
have  been  discovered  after  a  long  study  of  the  managprnenta  9 
industry.     It  has  been  found  that  the  man  with  the  highest  typ^ 
of  initiative  is  the  one  who  sees  things  to  be  done,  without  faring 
informed,  and  who  then  delegates  to  others  the  task  of  doiDg  the 
work.    The  man  with  the  next  highest  type  of  initiative  is  the  one 
who  sees  things  to  be  done  without  being  informed  mad  who  then 
does  the  work  himself.    The  next  in  order  is  the  man  who  sees  thingi 
to  be  done,  after  being  informed,  but  who  does  the  tvork  without 
being  told.     I  need  not  mention  any  other  classes. 
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55  The  five  senses  —  taste,  touch,  smell,  hearing  and  sight  — 
are  the  staff  organization  or  the  advisers  to  the  brain,  and  theie 
are  the  voluntary  and  involuntary  organs  which  carry  out  the  in- 
structions of  the  brain  and  maintain  the  bodily  mechanism.  Tlu? 
gives  us  the  elements  so  often  mentioned:  Line  as  the  perfonnins 
and  maintenance  function;  staff  as  the  planning  function;  and  the 
executive  as  the  administrator. 

• 

RULES   OF  EFFICIENT  ADMINISTRATION 

56  In  attempting  to  formulate  rules  of  efficient  administration 
I  have  not  underestimated  the  difficulties  that  follow  from 
fact  that  there  is  little  in  the  way  of  prescribed  practice  upon  w! 
to  base  such  rules.    Nevertheless  I  shall  endeavor  to  reach  logic»-l^- 
certain  rules  with  respect  to  man  relationships. 

57  Delegating  Avihoriiy.  An  executive  should  examine  himcs^g* 
ciu-efuUy,  and  frankly  decide  what  his  business  capacity  really  ■-* 
Then  he  should  analyze  liis  work,  classify  it,  and  in  three  col 
A,  B,  C,  Ust  the  various  duties,  in  the  order  of  their  importan 
The  ''A"  duties  he  should  attend  to  himself,  the  ^^B"  duties  he  sb 
delegate  to  his  immediate  subordinates,  and  the  '^C"  duties  he  shoi 
give  over  to  those  in  less  resix)nsible  positions.  The  results  a 
plished,  as  compared  with  the  old  plan,  would  be  tremendous. 

58  Details.    To  fuss  over  details  is  to  waste  time  that  ooxm^ 
better  be  devoted  to  more  important  matters.    If  you  engage 
man  to  do  a  certain  thing,  it  is  to  be  presumed  that  you  have 
care  to  select  the  riglit  man  for  the  position  you  desire  to  fill. 
man  is  expected  to  do  a  specific  work,  is  responsible  for  the  a 
plishment  of  certain  definite  results,  and  therefore,  has,  or  she 
hjivc,  certain  well-defined  duties  to  perform. 

59  Nothing  will  so  hamper  a  man  as  too  constant  supervisio 
designed  to  check  him  up  minutely  with  respect  to  the  details  of  h 
work,  and  if  he  is  a  real  live,  competent  individual  he  will  resent  8U 
a  policy  in  time  and  scK^k  employment  where  he  can  exercise 
powers  to  the  fullest. 

60  Contact.    The  executive  who  disregards  his  immediate  su 
ordinatos  and  deals  directly  with  those  immediately  under 
subordinates  or  with  the  workmen  themselves,  is  unjust  to  the 
whom  he  has  placed  in  positions  of  authority. 

GI     Change.    When  new  i)oople  are  brought  into  an  O! 
tion,  due  allowance  should  be  made   for  the  change  in  relatiimshi 
that  is  iio('(»ssitated. 


62  Counsel. 
the  teaching  of  tl 
subject,  can  coub 
n  industry  is  an 
;ion  take  up  exei 
>f  competent  coui 

63  Approach 
ioQ  work,  althoi 
iortof  "go  as  you 
Those  at  the  top 
hemselves  are  it 
nent  work,  and  1 
vith  all  the  pow< 
esponsibility  res 
n  industry  do  m 
vorkers  be  expect 

64  Next  in  i 
'arious  departmei 
;reater  part  of 
he  heads  of  depa 
oen  will  follow, 
.nth  the  workers ! 
t  the  top  in  any 

65  Initiative. 
c  may  be  able  t' 
litiative. 

66  Carnegie 
len.     He  did  nol 
Iready  look  upon 
ate  this  ideal  in 
leir  reserve  powe 

67  Progress  0. 
orkers  every  op 
ositions  of  respoii 

68  If  the  exe 
ave  been  given,  t 
esponsibility,  com 
ble  to  fiil  the  hig! 
rganization,  inste 

69  ExeciUive 
e  to  develop  men 


922  INDUSTRIAL  ORGANIZATION 

70  The  manager  of  the  future  will  not  be  a  manager  at  sBi 
at  least  not  according  to  the  present  interpretation  of  the  iefH^t 
he  will  be  a  codrdinator  and  a  guide.    Primarily,  instead  of  doisii 
he  will  decide;  rather  than  counsel,  he  will  seek  advice;  inwt^Pinri  ^ 
achieving,  he  will  endeavor  to  inspire  others  to  achieve.    He  'W 
not  spend  his  time  on  details,  he  will  delegate  them  to  otberB.       ^^ 
will  not  be  a  driver,  he  will  lead.    Instead  of  looking  at  thi-S>P 
from  the  standpoint  of  dollars,  he  will  consider  them  from  the  8t»^' 
point  of  sense.    In  other  words,  instead  of  always  asking,  "t^^ 
many  dollars  can  I  make,"  he  will  ask  the  more  important  queefc-'^'*^ 
first  of  all,  "How  many  men  can  I  make?" 

71  No  matter  how  we  study  men,  we  cannot  get  away 
the  conclusion  that  the  underlying  motive  which  influences 
of  us  is  an  instinctive  desire  for  gain.    We  are  all  creatures  of 
tion,  and  it  makes  absolutely  no  difference  whether  the  person  is 
man  who  owns  the  large  industrial  enterprise,  or  the  man  who 
by  the  day.    Both  want  to  make  as  much  as  th^  possibly  can. 
mutuaUze  the  interests  so  that  each  can  realise  his  desire,  is  no 
task.    It  is  not  an  impossible  task,  however,  and  in  its  su< 
performance  both  capital  and  labor  will  receive  material  be&e^^^ 
Both  lose  out  when  either  ignores  the  interests  of  the  other. 

THE   PROBLEM   OF  THE   COST  OF  UVINO 

72  In  conclusion  let  me  ask  this  question:    What  is  our 
sponsibiUty?    The  cost  of  hving  is  an  important  issue. 
increases  with  the  increase  in  population,  and  it  is  an  establiBi^' 
fact  that  supply  has  not  been  increasing  with  this  increase  in 
lation.    To  get  supply  enough  to  meet  the  demands  and  to 
with  cost  of  hving,  will  not  be  such  an  absorbing  problem. 
are  two  possible  solutions:    1,  There  must  be  more  producers; 
There  must  be  a  greater  amount  suppUed  by  those  now  producing. 

73  The  first  solution  is  practicable  only  if  labor  is 
shorter  hours,  better  working  conditions,  and  a  remuneration 
wiW  attract  the  worker.    The  second  can  be  employed  by  etiminati 
wastes,  standardizing  conditions,  bringing  about  proper 
setting  fair  tasks,  and  allowing  men  to  earn  an  amount  iriiidl 
compensate  them  for  their  skill  and  their  cooperation. 

74  Let  us  not  be  satisfied  with  conditions  as  thsj  ara^ 
strive  for  conditions  as  they  should  be.    In  attaining  this  i 
all  may  assist,  with  the  certainty  of  aecomplishing  something 
while.     We  cannot  change  yesterday.    The  past,  with  its 
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with  the  men  who  do  the  staff  work  for  our  captains  of  industry. 
Whether  American  industry  reconstructs  as  a  democracy  or  whether, 
lured  by  labor's  temporary  appearance  at  a  disadvantage  duriB^ 
demobilization,  she  attempts  reorganization  as  an  autocracy,  de- 
pends upon  the  vision  and  force  of  the  advisers  who  are  in  a  position 
to  influence  the  type  of  organization  in  the  course  of  its  evolution, 
The  men  who  are  to  do  this  work  must  have  trained  minds.    Tl^^S 
must  be  experienced  in  analysis  in  accordance  with  the  laws  of  "t^^* 
scientific  method.    They  must  have  the  personality  to  sell  ttx^^^ 
conclusions  to  the  workmen,  to  the  foremen,  to  the  superintender^t.:^. 
to  the  management  and  to  the  stockholders.    Most  of  all  they  m.  mAS^ 
know  and  beUeve  in  human  nature.    For  a  long  time  we  have  b^3.«2n 
advocating  the  replacement  of  authority  by  responsibility. 
governments  of  the  world  are  in  the  throes  of  this  change.    Ind. 
trial  reconstruction  comes  next  and  the  road  of  responsibility  1x<s 
clear  before  the  engineers  of  America. 


A.  C.  Fleckenstein  said  that  engineers  engaged  in  product^m^^n 
could  help  immeasurably  the  advance  of  industrial-  and  efficieA  ^^2'- 
engineering  methods  by  creating  in  the  mind  of  the  owner  of    t 
plant  a  proper  regard  for  the  services  of  the  apparently  non-pro<X  «Jtc- 
tive  industrial  engineer,  an  investment  in  whose  services  wo^uld 
render  a  large  financial  return. 
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—  the  traffic  at  each  crowded  street  crossing  cannot  be  regulated  from 
the  City  Hall;  it  requires  an  individual  (the  traffic  policeman)  in  tbe 
congested  spot  to  deal  with  each  particular  situation  as  it  ariaeB,  and 
upon  his  powers  of  observation  and  selection  depends  the  orderly  flow 
of  traffic. 

6  It  is  only  through  the  individual  life  that  the  universal  fife  on 
act  and  therefore  the  universal  is  compelled  to  evolve  many  individual 
lives  if  organization  and  order  are  to  replace-  the  unorganiied  state 
represented  by  the  purely  generic  operation  of  natural  law. 

7  The  problem  of  social  organization  is,  then,  how  to  organiae 
society  upon  the  basis  of  respect  for  the  individual.  This  is  also  tlie 
industrial  problem  as  well,  for  industry  in  the  broadest  sense  u  aodetj 
in  its  highest  form  of  activity  because  it  is  essentially  constiuctiTe 
and  therefore  creative  activity. 

8  It  was  an  inevitable  corollary  to  the  universal  plan  of  crsition 
that  the  individual  life  came  into  being  not  to  create  material  sub- 
stance, as  that  had  to  be  before  individual  life  could  gain  oonacioaa* 
ness.  The  function  of  the  individual  life,  however,  is  to  create  bf  a 
thought  process  conditions  especially  selected  to  produce  results  wUch 
nature  unaided  would  fail  to  produce. 

9  This  is  what  the  horticulturist  does.    His  power  lies  in  ni* 
knowledge  of  natural  law  and  his  creations  are  made  poedUe  hedf^ 
ho  conforms  to  the  law.    The  uncultivated  orchard  rewts  to  ^ 
original  wild  state  when  no  longer  attended  by  man|  but  increaflS^^ 
productiveness  by  continued  thoughtful  application  of  man's  p^3f^ 
of  selection  and  adaptation. 

10  It  is  by  a  similar  process  of  conscious  selection  that 
devices  as  the  steamboat,  steam  engine,  electric  generatori  amS-   ^ 
telephone  came  into  existence.    They  did  not  come  into  being       \\ 
never  would  have  been  created  by  the  generic  operation  of  n  ' 
laws. 

11  To  illustrate  further:  the  desire  of  the  savage  to  cron  a 
of  water  too  wide  for  him  to  swim  caused  him  to  observe  the  floa'         . 
of  things  which  floated  naturally.    As  a  result  of  this  obaervatio^^^ . 
built  a  raft;  and  finally,  by  further  observation,  he  diaooverad        'r 
principle  that  any  thing  which,  bulk  for  bulk,  was  lifter  than     ^r 
water  it  displaced  would  float,  and  although  be  perhaps  unoosiMiou^^ 
applied  this  principle,  it  is  true  that  from  its  applicatioii  he  eml'^^'^ 
the  canoe. 

12  It  is  by  a  continuation  of  the  application  of  thia  aama  I^' 
that,  ahnost  within  our  own  memory,  it  has  been  made  poMWe  f^ 
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the  vessels  of  the  world  to  be  built  of  iron,  aomethiiig  which  the  old 
shipbuilders  thought  impossible.  We  see  then  that  it  is  the  apidica- 
tion  of  the  personal  factor  that  now  makes  iron  fkMtt  by  the  use  of  the 
very  same  law  that  makes  it  sink. 

13  Upon  a  higher  plane,  the  modem  electric  generator  was 
evolved  by  observing  that  a  wire  passed  at  right  angles  through  a 
magnetic  field  would  induce  an  electric  current  to  flow  through  it  in  a 
certain  direction. 

14  It  was  only  by  creating,  through  the  applicatkm  of  the  per- 
sonal factor,  conditions  by  which  this  law  coidd  be  expanded  that 
electricity  was  generated  commercially.  The  electric  generator  is 
nothing  more  than  a  large  number  of  such  wireSi  insulated  one  from 
another,  passing  in  and  out  of  a  number  of  magnetic  fidds,  idus  a 
device  for  collecting  and  conducting  away  the  current  generated. 
The  important  point  to  remember  is  that  there  never  would  have  been 
an  electric  generator  without  the  introduction  of  the  individual 
personalities  who  literally  created  it. 

15  In  this  connection  it  is  well  to  observe  that  all  of  our  creations, 
if  they  are  to  be  successful,  depend  upon  the  strict  observance  of  the 
laws  of  nature.  When  we  clearly  see  man's  place  in  the  universal 
life  movement  we  can  understand  why  it  was  that  in  the  long  process 
of  evolution  it  was  inevitable  that  a  being  capable  of  measuring  by 
reflection  be  evolved.  The  very  word  "man"  is  derived  from  an 
Arian  root  meaning  to  measure. 

16  All  this  may  seem  at  first  sight  far  removed  from  the  problem 
of  "non-financial  incentives,"  but  it  seems  to  me  it  is  necessary  before 
proceeding  further  to  gain  some  conception  of  the  reason  for  man's 
existence.  The  concrete  illustrations  of  the  operations  of  non- 
financial  incentives  will  then  have  greater  meaning. 

17  Man,  through  the  exercise  of  his  intellectual  faculties  so 
laboriously  acquired  through  ages  of  slow  evolution,  literally  reflects 
the  universal  creative  process  upon  the  plane  of  the  particular.  There 
can  be  no  organization  of  material  substance  except  through  an  in- 
dividual who  can  observe  the  laws  inherent  in  the  materials  them- 
selves. Then,  by  a  process  of  reflection,  these  materials  can  be 
organized  into  forms  which  they  could  not  take  unaided  by  the  in- 
dividual will  or  a  power  external  to  themselves. 

18  To  state  the  matter  more  concretely:  man,  we  know,  cannot 
bring  matter  into  existence,  neither  can  he  create  the  force  which 
resides  in  the  physical  elements  he  uses  in  the  day's  work;  what  he 
does  is  to  observe  nature^s  forces  in  action  and  then,  having  learned 
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the  laws,  i.e.,  the  reasons  for  their  action  in  any  particular  direciioOf 
he  seeks  for  means  to  make  them  express  themselves  more  fully. 

19  This,  of  course,  necessitates  the  creation  of  conditions  w1[^^ 
do  not  occur  spontaneously  in  nature.    We  have  here  the  be^iminK 
of  what  we  call  the  artificial  and  it  is  significant  that  the  highest  t.^ 
of  this  form  of  creation,  upon  a  higher  plane  than  the  xurtur&l|*iB 
termed  art. 

20  This  creation  of  artificial  conditions  which,  taken  all  toge^  1^ 
we  call  civilization  is  of  course  the  product  of  man's  organicing  po 
While  self-consciousness,  the  power  of  realizing  the  self  as  apart 
the  rest  of  the  universe,  has  been  a  human  faculty  for  untold 
before  the  present  highly-organized  state  of  society  had  been  attaL^ned, 
it  is  nevertheless  true  that  now,  for  the  first  time  in  the  histoi"  j'  of 
the  white  race,  we  are  confronted  with  the  problem  of  correcting     the 
repressive  or  selfish  character  of  civilization  so  that  it  will  serv^      the 
mass  of  humanity.    If  we  fail  to  accomplish  this  it  will  be  destrca^^'ed 
by  the  same  creative  power  which  brought  it  into  exbtence. 

21  We  must  learn  how  to  change  the  industrial  environiKi^Kiit 
from  one  which  repels  mankind  to  one  which  attracts.  In  o^^her 
words,  the  incentive  to  work  must  be  inherent  in  the  nature  of  tl» 
work  itself. 

22  Now  what  are  the  conditions  which  we  must  meet  in      "^^ 
industrial  world  to  make  work  attractive?    We  have  ample  evid^^^ 
that  increasing  financial  returns  have  failed  to  stimulate  producti^i^^^ 
and,  on  the  other  hand,  the  constant  demand  for  shorter  hours 
the  increasing  labor  turnover  is  proof  that  work  in  most  of  our 
dustries  not  only  does  not  attract  but  actually  repels  the  wo: 
Wc  must  therefore  look  into  the  working  conditions  themselves 
the  answer.    This  is  the  only  scientific  method  of  procedure.  . 

23  I  would  like  to  quote  from  a  letter  received  from  a  very  in  '^  "^  ' 


ligent  labor  leader  recently,^  to  show  how  the  mass  of  employees 

at  the  problem  and  how  urgent  is  the  need  for  its  iomiediate  solut^^ 

if  we  are  not  to  have  a  greatly  reduced  production  of  the 

of  life  brought  about  by  the  concerted  action  of  the  workers  — 

Is  it  not  true  that  the  industrial  evolution  which  has  brought  the  tnisU 
into  existence  has  been  the  means  of  eliminating  the  "human  louflh"  in 
industry  ?  During  the  days  of  small  industrial  plants,  the  employer  and 
the  employee,  of  course,  were  really  fellow-workmen.  At  the  pment 
time,  however,  the  employee  has  perhaps  never  seen  any  of  the  itock- 
holders  of  the  industrial  plant  where  he  is  employed. 

1  John  P  .Burke,  Int.  Pres.,  Pulp  Sulphite  and  FBiper  Mill  Wotkm  Uni 
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INDIVIDUAL   PROCRBSS   RECOBDS 

25  To  do  this,  individual  progress  records  are  nccessan'  m  that 
tlic  workman  can  know  from  day  to  day  how  he  is  impro^iiig  in  ibe 
mastery  of  tlie  process. 

26  The  iirst  example,  illustrated  by  Fig.  1,  is  from  that  fannch 
of  the  wood-pulp  industry  known  as  the  sulphite  process  and  shows 


Fi<;.  I     Hk.utiu.s  in  Dk^kstkiis  in  Wiikii  Wood  Chips  akk  Cooub 

»  <-oukiiiK  vhiirt  which  wiis  designctl  to  give  the  cook  information 
a)i(>iit  tho  ri'ix't iouf  in  the  diKCstors  in  which  the  wood  chipa  are 
(■(Hiked  in  ii  0  |H:r  cunt  sohitiun  of  sulphurous  add  partly  oombiiKd 
with  :i  lime  busc. 

27     The  dincslci-s  have  a  conical  top  and  Itottom  and  are  timally 
')()  ft.  high  liy  l'>  ft.  in  diameter.     After  the  acid  and  chips  are  put 


nto  the  digester  and  th 
>ottom  and  the  pressur 
nospheric  pressure. 

28  As  this  does  not 
ategnition  of  the  wood, 
■alve  on  the  cover.  Bi 
.fterward  reclaimed,  mo 
he  temperatures  are  ad 
iroper  control  of  the  rel 

29  Before  the  intnn 
Hg.  1,  all  this  was  left 
isually  nothing  to  help 
iressure  gage.  Of  cours 
The  cooking  charts,  plot 
;reatly  as  they  enables 
hese  charts  temperatui 
:hat  the  pressure  in  thi 
latural  pressure  due  to 
icid  gas.  The  pressure 
emperature  of  212  de$ 
■hart  you  will  see  that  t 
lifference  between  0  an 
-ulphurous-acid  gas.  A 
jsed  up;  first,  by  being 
iiore  steam;  second,  by 
jrganic  compounds  libei 

30  At  the  end  of  thf 
.vill  naturally  come  verj 
;a5  has  been  used.  Th 
Jig  the  steam  pressure  : 
int  of  the  other  two.  I 
relieving  his  digester  tc 
ralve.  If  it  does  not  dr 
valve  wider  in  order  to  ii 
laken  from  recording  ir 
iccuracy.  Naturally,  a 
the  joint  work  of  the  cc 
:;al  research  department 

31  Immediately  af 
marked  increase  in  the 
cooks,  while  at  first  opt 
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lead  pencil"  as  they  called  it,  soon  learned  to  like  their  work  much 
better  for  the  reason  that  they  now  had  some  way  of  visuafinDg  the 
work  in  its  entirety.  In  addition  to  more  uniform  quality  of  the  pulp, 
the  yield  from  a  cord  of  wood  increased  something  over  5  per  cent. 

CONTINUOUS  PROGRESS  RECORD 

32  We  soon  found  that  it  was  necessary  to  give  some  sort  of 
continuous  progress  record  if  we  were  to  keep  up  the  interest  in  the 
work,  because  no  man  could  carry  in  his  mind  anything  but  a  genoal 
impression  of  his  progress  from  day  to  day.  Several  good  Tecorde 
for  one  day  are  only  like  so  many  good  golf  drives.  They  are  a  souree 
of  satisfaction  at  the  time,  but  just  as  the  score  in  golf  denottf  our 
real  mastery  of  the  game,  so  does  the  progress  record  measure  the 
man's  increasing  mastery  of  his  work,  and  we  feel  that  it  is  one  of  the 
moral  obligations  of  the  management  to  keep  such  records  for  the 
individual  workman.  Without  these  records  men  will  not  think  of 
improvements  in  the  process  and  they  cannot  be  blamed  for  becoouni 
indifferent.  How  long,  for  instance,  would  a  superintendflDt  or 
manager  retain  his  interest  in  the  economical  operation  of  his  phnt 
if  his  cost  sheets  were  withheld?  We,  as  executives,  must  hftve 
quantity,  quality,  and  economy  records,  otherwise  our  interest  soon 
lags.  Why,  then,  should  we  expect  the  workman  to  be  interest«d 
when  he  is  not  furnished  ^ith  a  record  which  at  least  reflects  one  of 
these  elements? 

33  Such  records  can  be  grouped,  under  three  main  heading- 
quantity  records,  quality  records  and  economy  or  cost  records 
Quality  records,  which  occupy  the  middle  position,  are,  perbap^f  ^ 
the  greatest  importance  for  they  bring  the  individual's  intellig^^ 
to  bear  upon  the  problem  and  as  a  consequence,  by  removing  ^ 
obstacles  to  uniformity  of  quality,  remove  at  the  same  time  th6  ^ 
structions  to  increased  output.    The  creative  power  of  the  YivP^ 
mind  Ls,  however,  not  content  simply  to  produce  the  best  qu****^ 
under  existing  conditions  of  plant  operation.    The  desire  to  create  <^^ 
conditions  for  the  more  highly  specialized  working  out  of  the  nat*'^ 
laws  of  the  process,  demands  expression  and  this  expresaion  at  o>^ 
takes  the  form  of  suggestions  for  improvements  in  mechanioal  de^i^^ 

34  This  desire  contains  within  it  the  germ  of  eoonomio  thoU^ 
which  will  unfold  and  express  itself  eventually  in  a  requflst  for  ^^ 
records,  and  the  orgam'zation  that  neglects  its  opportunity  to  mti^ 
this  desire  is  overlooking  one  of  the  great  avenues  l^i^Hng  io0^ 
intelligent  productive  effort 
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38  The  total  progi 
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40  The  color  record 
he  digester  wheD  the  c6. 
ignlne  in  the  solution, 
ligester,  is  compared  witi 
.-alue  for  this  factor  a  rai 
vas  obtained,  the  parti 
narked  100  and  one  sha 

41  The  time  record 
ng  100  and  taking  off  < 
ninute  above  or  below  t 

42  The  blowing  rec( 
most  of  the  cooking  beii 
>0  lb.  0,  the  idea  being  ' 
ilowing  the  digester. 

43  It  will  be  noted  t 
if  the  others.  This  is  be 
tolor  record  comii^  nei 
■alue,  etc. 

44  By  an  arrangemi 
.ti\e  value  of  the  differ 
larticular  phase  of  the 
ttention  to  the  factor  i 
hem  the  bett«r  record 
hange.     For  instance,  il 

larger  value  to  the  timt 
ccord.  ProductioQ  is  t 
(uality. 
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■f  how  economy  progres 
n  (he  plant  where  this 
200  men  and  perhaps 
ecords  and  the  rest  can 
invariably  the  records  pr 
iroductivity. 
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COST  RECORDS  OF  WORK 

46  Below  is  shown  a  foreman's  detail  job  sheet  which  indiGata 
the  method  we  had  for  giving  our  maintenance  foremen  cost  reooids 
of  their  work.  It  is  obviously  a  difficult  matter  when  dealing  with 
maintenance  and  construction  work  to  give  quality  or  quantity 
records  as  the  work  varies  so  much  from  day  to  day,  so  the  only  kind 
of  records  we  could  give  the  men  were  records  of  cost.  The  original 
suggestion  to  give  these  records  grew  out  of  the  fact  that  we  gave  to 
each  operating  department  head  a  complete  cost  of  operating  bis 


ponn  No.ft 


FOREM AN S  DETAIL    JOB  SHEET. 


Job. 


IIZL__Foreman  ^o^"  Laf^m     ^^ 


t/l0/j€ 


Name  of  Job  Jnsfall  2' 35  Hp.  Motors  on  Coarst  Scre«n» 

[>e»cription 

Electrical  Otpt- Power  Wiring. 

pQ-hB Started    I/7//6 WorKedon_i_ 

Labor  C0S++0  Da+e ^f-^ 


Ooip 


Hotenol  Cost  +0  Dot* 
Total  Cost  to  Dote 


730 


M54 


Labor'CoatYeAterdak)    _ 
Material  Cost  Yeeterday 
Total  Cost  Yuttrdoij    _ 


0  00 


6  4/ 


7.2/ 


DETML  OF  MATERIAL    USED   YESTERDAY. 


ITEMS. 


Z-  ly    Long-  Turn  Elbows , 
4^  lb  Solder, 
•f  -  ff'Tupe  E  Condulets, 
4-iy4'Ho!t  Porcelains, 
I  Roll  Oiled  Lined, 
I  Poll  Fricf'on  Tape , 
!6-IOO  A mp.  Term inals. 


OS/ 
1.23 
2.02 

a$4 

0  24 
0  II 

$6.41 


FiQ.  2    Foreman's  Job  Shevt 

department  for  which  he  was  held  responsible.    As  soon  as  he 
to  realize  this  responsibility,  because  all  the  repair  materials  i 
charged  to  him,  he  at  once  began  to  make  intelligent  criticiflm  of 
engineering  department,  and  especially  was  he  critical  of  the 
nance  foreman  if  he  was  wasteful  in  the  use  of  materiab.    As  a 
of  this,  the  maintenance  foremen  asked  the  master  mechanic  if 
could  not  have  job  costs  showing  how  economically  th^  w< 
their  work  as  they  had  no  idea  of  the  value  of  materiab  that 
were  using.    The  foreman's  detail  job  sheet  she     i  is  the  result 
this  reiiucst .     It  will  be  noted  th^it  the  job  is  fully  descri  i>ed,  the 


cost  for  labor 
and  material 
of  all  material 
of  the  materif 
amomit  of  wa 
foremen  woul 
bouse  was  gii 


Fio. 
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47  Fig.  3 
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foremen.    It  will  be  noted  there  was  a  rapid  increase  in  productkm 
from  1908  to  1913,  also  a  rise  in  repair  material  used  as  well  as  an 
increase  in  the  cost  of  maintenance  labor.    The  fourth  curve,  show- 
ing the  amount  of  material  used  for  each  dollar  spent  for  maintenanoe 
labor,  is  more  or  less  a  resultant  of  the  other  two.    The  gradual  rise 
from  1908  to  1911  in  this  curve  was  due  to  the  increased  material- 
consuming  power  of  the  maintenance  men  because  of  the  introduction 
of  labor-saving  devices,  such  as  pneumatic  and  electric  portable  toob. 
There  was  a  drop  in  this  figures  in  1912  and  1913  but  we  were  unaUe 
to  get  a  real  thought  of  economy  started  in  the  plant  until  the  de- 
partmental cost  sheets  and  job-cost  sheets  were  started.    These  were 
put  into  effect  first  in  the  beginning  of  1914  and  there  was  an  im- 
mediate drop  in  the  curve  from  an  average  of  about  S2.15  worth  of 
material  spent  for  each  dollar  spent  for  labor,  down  to  $1.55  in  1914 
and  $1.05  in  1915. 

48  That  this  drop  is  due  to  the  greater  economy  and  thought  in 
the  use  of  materials  is  indicated  by  the  fact  that  our  maintenanoe 
crew  was  not  very  much  reduced,  the  saving  coming  almost  entirely 
in  the  use  of  materials. 

49  The  drop  in  production  in  1914-15  was  due  to  war  conditions 
which  were  unavoidable.  It  is  a  significant  fact,  however,  that  in 
spite  of  this  drop  in  production  the  maintenance  material  cost  per 
ton  of  pulp  was  reduced  to  approximately  half  the  amount  under  the 
conditions  of  higher  production  during  the  two  preceding  years. 

50  In  none  of  this  work  did  we  pay  bonuses  to  a  superintendent, 
department  head  or  workman;  our  salaries  and  wages  were  high,  but 
payments  were  all  on  a  monthly,  weekly,  or  hourly  basis.  The  in- 
creased effort  therefore  came  entirely  from  a  desire  within  the  in- 
dividual to  be  productive.  Of  course  this  sort  of  creative  effort 
produced  great  changes  in  operating  conditions;  we  increased  our 
yearly  production  from  42,000  tons  to  111,000  tons  without  adding 
to  the  number  of  digesters  for  cooking  the  pulp,  or  wet  machines  for 
handling  the  finished  product  and  we  changed  our  quality  from  the 
poorest  to  the  very  best. 

51  Due  to  the  intelligent  suggestion  which  came  from  our  men 
all  over  the  plant  we  were  able  to  make  very  radical  changes  in  the 
manufacturing  processes.  Entirely  new  methods  of  preparing  our 
wood,  making  add,  bleaching,  etc.,  were  created,  all  of  which  we  paid 
for  out  of  the  earnings. 

52  I  maintain  that  this  was  all  the  result  of  the  freedom  our  men 
were  experiencing  because  they  were  working  in  an  environment 
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ever,  that  I  cannot  back  up  by  any  number  of  additional  illustratioi^f 
and  my  hope  is  that  the  examples  given  will  stimulate  others  to  m^»ke 
similar  investigations,  so  that  we  can  fulfill  our  mission  in  this  ooua  ^H 
by  evolving  an  industrial  philosophy  which  will  have  for  its  ultimate 
aim  the  continuous  unfoldment  of  the  latent  powers  in  man. 


DISCUSSION 

Walter  N.  Polakov,  who  opened  the  discussion,  said  that  th^ 
impression  should  not  be  gained  that  financial  incentives  are  no^ 
important  or  even  superfluous  as  long  as  non-financial  incentives  ar^ 
at  work.    To  illustrate  his  point  he  showed  on  the  screen  three  charts 
dealing  with  fuel  losses  in  a  power  plant.    In  the  first  chart,  with 
neither   financial   nor   non-financial  incentives  at  work,   the  losd 
amounted  to  over  30  per  cent.    In  the  second,  with  non-financi»l 
incentives  only,  the  loss  had  been  reduced  to  17  per  cent,  while  in  the 
third,  with  both  financial  and  non-financial  incentives,  the  prevent' 
able  losses  had  been  wiped  out.    The  type  of  chart  employed  by  Mr- 
Polakov  is  that  shown  in  Fig.  2,  page  718,  ante. 

W.  E.  PuLis,  who  followed  Mr.  Polakov,  showed  two  slides 
dealing  with  the  increase  of  production  in  a  shop  brought  about 
by  the  introduction  of  financial  incentives. 

Irving  A.  Berndt  ^  wrote  that  he  was  particularly  impressed  and 
in  accord  with  what  Mr.  Wolf  had  said  concerning  the  necessity  of 
providing  workers  with  environments  which  attract,  and  providing 
incentives  inherent  in  the  nature  of  the  work  itself.  This  was  funda- 
mental and  biisic.  \\  ere  he  to  add  any  thought  to  this,  it  would  be 
that  the  responsibility  for  this  lay  with  the  individual  employer, 
manager  and  executive  and  should  under  no  circumstances  be  passed 
on  to  society  or  to  the  worker  himself.  To  show  how  large  the  non- 
financial  incentive  l>ulkc(l  in  the  production  problem,  Mr.  Berndt 
(Munncrated  twentv-four  fa(*t()rs  and  ten  methods  which  influence 
industrial  relations,  uf  which  but  two  factors  and  one  method  had  to 
<l()  with  nionetarj'  reward. 

Being  at  one  time  confronted  with  the  problem  of  reducing  sup- 
plies taken  from  storerooms  in  a  large  plant  —  supplies  used  for 
maintenance  and  repair  —  Mr.  Berndt  found  it  possible  to  secure 

'  Catv  of  C.  K.  KniH»piH.'l  &  (\).,  «  Kast  :Wth  St.,  New  York  City. 
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involved  a  psychological  question.  The  problem  of  employmeut 
would  be  solved  only  by  maintaining  a  broader  vision,  by  rememlier- 
ing  that  the  human  being  is  a  human  being  and  must  be  studied  from 
all  points  of  view  and  under  varying  conditions.  Mr.  Wolf's  paper 
had  called  attention  to  but  a  single  element  in  management  and  it. 
with  all  the  other  elements  in  a  given  case,  must  be  taken  in  consi^l- 
oration,  remembering  that  man  was  a  complex  psychological  as  well 
as  physical  being. 

A.  L.  De  Leehw  said  that  the  lasting  growth  of  labor  could  only 
be  caused  by  making  labor  develop  from  the  inside  out.     The  eff^^ 
must  be  made  by  the  laboring  man,  and  not  by  the  employer.    T^*" 
cmploy(*r  had  only  helped  labor  in  general,  but  had  not  caused  it  ^'* 
grow.     Labor  had  taken  the  stand  that  it  could  grow  only  by  anta^*** 
nizing  the  employer,  who,  at  one  time,  had  held  this  same  vi^**' 
regarding  labor.     Something  should  be  done  to  make  labor  st:»r^ 
developing  itself  in  the  proper  direction.     If  labor  had  not  alfea^*' 
s(»(»n  these  facts,  should  not  some  one  hold  out  the  hand  and  invitf^ 
labor  to  move  in  the  right  direction?     Had  not  the  time  come  wheiF 
the  engineer  should  get  in  touch  with  labor  and  invite  it  to  discus^ 
economic  questions  from  a  standpoint  of  pure  and  simple  cngineerinfc. 
dropping  all  ideas  of  malice,  and  presenting  the  idea  that  a  true 
bargain  is  one  which  benefits  both  parties?    Should  there  not  be  a 
third  party  more  or  less  disinterested,  or,  rather,  interested  in  the 
welfare  of  both,  who  would  hold  out  the  hand  to  labor  and  invite  it 
to  develop  itself,  to  make  an  organic  growth  from  the  inside  outward? 
Would  it  not  lie  well  if  some  engineering  society  were  to  invite  labor 
into  its  counsels  and  see  that  a  proper  organized  effort  was  made  to 
have  it  look  at  the  question  not  only  of  its  own  development,  but  of 
the  development  of  industry  as  a  whole,  and  so  bring  lalx)r  to  realize 
that  no  real  benefits  can  ever  come*  to  it  and  be  lasting  unl&^s  similar 
benefits  come  to  the  industry-  as  a  whole? 

Cn.\ULES  WnrriN(i  Hakkk  pointed  out  the  neccs.sity  of  keeping 
up  the  voluni(»  of  d(»niand  so  thai  i^vcry  workman  might  be  employe  i. 
and  that  this  could  only  be  done  by  bringing  <lown  prices  to  where  the 
people  here  and  in  lunopi!  could  i)uy.  The  imiustrial  situation  would 
have  to  be  treated  as  a  whoir  and  if  labor  could  Ix*  made  to  realise 
that  raising  wages  by  specific  industries  hel])ed  but  little  and  that 
they  would  have  to  be  reasonable  in  their  demands  so  that  prices 
could  be  sufficiently  lowered,  then  it  would  l)e  possible  to  gel  some- 
where in  the  solution  of  this  great  problem  confronting  the  countn*. 
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the  motion-study  laboratories  for  determining  the  One  Best  Way  to 
do  work. 

While  non-financial  incentives  that  would  cause  the  workers  and 
employers  to  cooperate  should  be  fostered,  it  must  be  ever  borne  in 
mind  that  the  financial  incentive  is  the  cause  of  maintenana  and 
permanency  of  cooperation  and  it  should  be  large  enough  by  itsdf 
alone  to  maintain  the  state  of  hearty  cooperation  through  and  past 
the  reign  of  the  malefactor. 

Arthur  C.  Jackson  drew  attention  to  the  law  that  investment 
is  entitled  to  an  income.    This  investment  might  be  in  any  of  tbe 
following  forms  —  cash,  invention,  accumulated  earnings,  or  the 
results  of  the  continued  services  of  an  employee.    There  should  be 
a  standard  way  of  measuring  all  of  these  investments  and  it  ifl  the 
duty  of  the  engineer  to  solve  the  problems  of  the  fair  division  of  ^ 
profits  resulting  from  these  investments.    Wealth   is  not  alon* 
measured  in  money,  but  in  the  end  in  production.    This  couP^' 
must  continue  to  be  an  exporting  nation  and  also  an  importing  nst^^ 
if  it  is  to  maintain  its  position  among  the  countries  of  the  world.     ^^ 
can  only  maintain  a  wage  scale  above  that  of  our  competitors  by  ^^ 
proportion  that  our  production  exceeds  the  production  of  our  c^^^' 
petitors,  either  in  quantity  or  quality;  and  this  can  best  be  don^  ^ 
the  careful  development  of  true  cooperation  by  employee  and  ^^ 
ployer.    This  cooperation  could  best  be  obtained,  in  his  opinion,      ^ 
the  worker's  being  allowed  a  share  in  the' management  and  in 
profits. 

Oberlin  Smith,  commenting  on  the  law  forbidding  the  uae  of  i 
watches  and  time  studies  in  Government  arsenals  and  navy 
said  that  while  congressmen  and  labor  leaders  were  in  the  main 
meaning  and  patriotic  men,  they  nevertheless  needed  to  be  tai 
the  true  nature  of  scientific  management,  as  their  actions  sb 
they  did  not  understand  it.    Whether  the  combined  e; 
societies  could  do  anything  in  the  matter  was  a  question  to  conad 
Hence  the  desirabiUty  of  electing  men  of  the  engineering  fratern^ 
to  both  houses  of  Congress,  which  important  bodies  are  now 
entirely  lacking  such  a  personnel. 


Aktiiiir  L.  Williston  felt  that  the  interest  stimulated  in 
employee  by  teaching  him  how  to  perform  his  job  properly 
begin  to  lag  after  the  attainment  of  the  desired  degree  of  perfecti 
bi'eanie  an  old  story.    He  considered  that  the  employer  sbouid  hav<^ 
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open  cooperation.  Moreover,  he  believed  labor  leaders  were  be- 
ginning to  realize  that  the  workman  must  stop  focusing  his  entire 
attention  upon  the  distribution  of  wealth  and  focus  it  mainly  upon 
the  production  of  wealth,  and  that  then  the  desired  compensation 
must  inevitably  follow. 

In  reply  to  Mr.  Polakov,  he  said  that  the  reason  his  non- 
financial-incentive  records  did  not  show  as  great  a  saving  as  when  » 
bonus  was  attached  was  because- the  plan  of  giving  the  men  the  reconl 
of  their  accomplishment  without  the  bonus  attached  to  it  had  no* 
been  properly  tried  out.    Without  deprecating  bonuses  entirely,  h^ 
was  of  the  opinion  that  they  should  be  carefully  considered.    Me^ 
(both  union  and  non-union)  had  said  to  him,  "We  don't  like  to 
bribed  to  do  a  good  job.    We  would  like  to  have  the  privilege  of  doi 
a  good  job  without  being  baited  to  do  it." 

Referring  to  Mr.  Miller's  conmients,  he  said  that  he  by  no 
means  deprecated  the  value  of  financial  incentives;  nevertheless, 
men  did  not  do  their  best  work  for  money.  It  was  the  record,  the 
accomplishment  of  the  man  that  counted,  and  it  was  fundamentally 
self-expression  that  the  man  wanted.  The  financial  reward  was 
bound  to  follow,  and  the  employer  who  gave  a  man  a  chance  to  use 
his  brain  power  and  did  not  give  him  the  financial  compensation  that 
went  with  it,  was  doomed  to  failure. 

Regarding  the  disposition  of  the  saving  due  to  the  improved 
efforts  of  employees,  he  was  of  the  opinion  that  the  money  should  be 
divided  in  proportion  to  actual  earnings,  that  the  men  should  be  part 
owners  of  the  industries.  It  had  been  because  workers  had  not 
worked  intelligently  that  employers  had  been  able  to  deprive  them  of 
this  division  of  profit.  The  employer  had  used  his  brain  to  exploit 
the  employee;  and  the  employee  had  countered  by  organiiing  his 
against  the  employer.  That  employee  must  be  encouragjed  to  use 
his  brain  for  productive  work.  Then  he  would  see  to  it  as  his  mental 
capacity  incroiised  that  proper  reward  followe<l. 
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in  the  history  of  naval  engii 

I  Bilre;iil  of  St(..:iin  Eiie 


Brief  outline  of  an  address 
I'JIS,  of  The  AMERirAN  SociET 
was  printed  ^-ubstanliiillv  in  full 
p.  18. 
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There  were,  in  all,  103  of  these  German  ships  seized  by  our  Gov- 
ernment.   Of  this  number  about  fifty  were  turned  over  to  the  Xa^y 
l)y*the  Shipping  Board  for  repairs.    The  chief  problem  was  ll* 
repair  of  the  broken  engine  cylinders,  some  of  which  were  more  t^ 
9  ft.  in  diameter.    The  Bureau  estimated  that  —  with  such  fa<3i' 
ties  as  were  available  for  this  heavy  work  —  it  would  take  at  l^^ 
eighteen  months  to  replace  the  damaged  cylinders  by  new  ot**- 
Resort  was  therefore  had  to  electric  and  oxy-acetylene  welding,   ^ 
after  five  months  of  strenuous  work  the  ships  were  made  read>r  te 
service. 

These  fifty  ships  were  in  service  transporting  troops  for  abc»  "^^  * 
year  before  hostilities  ended,  which  is  approximately  the  time  sd^^ 
by  using  welding  methods  in  the  repair  work.    Twenty  of  t^  T** 
vessels  can  carry  about  70,000  troops  in  one  trip,  and  ten  rcrisund 
trips  a  year  is  a  conservative  estimate  of  their  performance.  ^ 

it  may  be  justly  claimed  that  the  rapidity  of  these  repairs  b^^ad  a 
marked  effect  on  the  early  end  of  the  fighting  in  France. 

Commander  C^athcart's  remarks  were  largely  confined  to 
of  the  important  work  done  by  the  various  divisions  of  the 
of  Steam  Engineering  —  Design,  Electrical,  Repairs^  Radio 
raphy.  Inspection,  Supply,  Fuel  and  Personnel,  Aeronautics         ™ 
Ix)gs  and  Records,  —  and  in  his  elaboration  of  this,  among 
things  he  gave  interesting  particulars  regarding  the  use  of  the 
trie  drive  for  battleships,  the  development  of  radio  telegraphic        ^ 
telephonic  apparatus  for  communicating  with  aircraft,  the  iiiini^  ^^e 
amount  of  work  carric<l  on  at  the  New  York  Navy  Yard,  the  a^^"^ 
liei?  of  the  Naval  Experiment  Station  at  Annapolis  and  the  vali^B-aWe 
results  obtained  in  the  fuel-oil  testing  plant  at  the  PhiladeKpiui 
Xavy  Yard. 
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Shipments  began  on  June  20,  and  on  August  II  the  first  pin 
train  was  completed,  leaving  St.  Nazaire  six  days  later  for  the  front 
and  being  fired  against  the  Germans  on  September  5,  less  than  250 
days  from  the  inception  of  the  project. 

It  was  suggested  by  the  French  that  if  a  similar  type  of  mount 
could  be  devised  for  use  where  it  was  desired  to  bring  the  gun  into 
action  quickly,  it  would  obviate  the  only  possible  objectionable 
feature  of  the  first  mount.  It  is  interesting  to  know  that  the  Navy 
Bureau  of  Ordnance,  anticipating  this  requirement,  had  already 
designed  and  was  building  another  battery  of  14-in.  mounts  before 
the  armistice  was  signed. 

The  guns  complete  each  weigh  about  550,000  lb.  The  shells 
weigh  nearly  1500  lb.  each  and  the  powder  charge  for  a  shell  484  lb. 
The  truck  axles  were  designed  to  withstand  a  maximum  axle  load  of 
()3,000  lb.  The  kinetic  energy  of  the  gun  is  alK)ut  4,000,000  ftJb.. 
which  is  absorbed  through  a  hydraulic  brake  in  the  recoil  of  44  in. 
in  the  slide,  and  when  firing  on  the  rails  the  movement  to  the  rear 
along  the  tracks  is  alx)ut  26  ft.  When  firing  from  a  pit  the  load  is 
transmitted  to  foundation  members  in  the  form  of  a  heavy  grilla|?e 
construction  of  castings  and  structural-steel  shapes,  the  load  being 
limited  to  about  4  tons  per  sq.  ft. 


RAILWAY  ARTILLERY 

By  Coix)nel  James  B.  Dillard,^  U.S.A. 

Non-Member 

/CONTRARY  to  general  belief,  railway  artillery,  according  <<> 
^^  Colonel  Dillard,  is  not  a  recent  development  of  ordnance.  I^ 
18()3  a  13-in.  mortar  mounted  on  a  flat  car  was  used  by  the  Union 
Army  against  the  defenses  of  Richmond,  and  both  the  British  and 
Boer  forces  in  the  South  African  war  utilized  naval  or  coast-dcf^*** 
guns  on  railway  cars. 

The  types  of  cannon  mounted  on  railway  cars  by  the  American 
Army  are  the  same  tus  those  used  in  field  and  seacoast  artiUerVf  •*■ 

'  KiifciiitHTiiiK  Division,  Onliiaiit'o  Dopartmoiit,  WashinKton,  D.  C. 

Brief  al>str:ict  of  an  illiistratotl  lecture  delivered  at  the  Annual  MflCW» 
Doceinher  lOlS.  of  The  .American  Society  of  Mechanical  ENonnEns.  '^ 
complete  text,  together  with  a  Mclection  of  the  views  shown,  waa  pubbbB^  * 
Meihanical  E.NMjjNKKRiNCi,' January,  1010,  p.  44. 
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and  up/ and  howitzers  of  16  in.  caliber  and  up.  Caterpillar  tretds 
have  been  applied  successfully  to  7.5-in.  guns  and  8-in.  howitien 
and  the  next  step  will  be  their  substitution  for  the  raihxMtd  tnicb 
in  mounts  such  as  the  8-in.  gun  and  12-in.  mortar. 

In  the  course  of  his  remarks  ("olonel  Dillard  gave  particulan 
of  developments  in  railway  artillery  abroad,  as  well  as  details  of  the 
U.  S.  8-in.  gun  and  12-in.  mortar  barbette  carriages,  and  elaborated 
on  the  problems  of  design  indicated  in  the  foregoing  paragraphs 
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gasoline  in  the  form  of  vapor  constitutes  part  of  the  gas  as  it  oomes 
from  the  well  or  casing  head.  If  the  gas  were  saturated,  gasoline 
would  be  immediately  precipitated  when  compressed,  provided.it 
could  be  kept  at  a  constant  temperature,  but  since  the  heat  of  com- 
pression increases  its  temperature,  the  gasoline  is  still  retained  » 
vapor.  When  it  is  cooled,  however,  gasoline  is  thrown  down  in  the 
form  of  condensate,  and  if  the  gas  is  cooled  to  its  original  tempentnre 
the  gasoline  still  retained  in  it  as  vapor  will  only  be  in  the  prop(HtioD 
of  its  initial  and  final  volume,  or  very  approximately  so.  Since  there 
are  always  present  a  great  number  of  condensable  fractions,  each  a 
different  hydrocarbon  of  the  paraffin  series,  the  precipitate  of  each 
depends  upon  the  partial  pressure  of  each. 

TABLE  1    VAPOR  PRESSURES  AND  CORRESPONDING  TEMPERATURES  AT 
WHICH  CERTAIN  HYDROCARBONS  WILL  CONDENSE 


Vapor  PreflBure,  Lb.  per  Sq.  In. 


Tomperaturo,    , 
Deg.  Fahr. 


32 
40 
50 
60 
70 
80 
90 


Propane,  CsHa 

Butane.  < 

72.5 

15.0 

84.6 

10.0 

100.7 

24.1 

115.4 

30.0 

130.1 

36.7 

147.2 

44.1 

165.0 

53.2 

Pentane.  C|H|s  I  Heane.  CfHu  ■  HeplaMC|H« 


4  The  vapor  pressures  at  which  some  of  the  hydrocarboDfl   ^^ 
the  paraffin  series  constituting  casing-head  gas  will  condeiifle  (^^ 
various  temperatures  are  shown  in  Table  1.    It  is  never  practic^^^ 
to  determine  exactly  which  of  these  hydrocarbons  occur  in  tt^^^"^ 
particular  casing-head  gas  to  be  handled,  or  in  what  proportions 
are  found.    It  is  not  possible,  therefore,  to  predict  what  total 
it  will  be  best  to  carry.    Generally,  however,  it  is  found  advisable  W 
carry  not  less  than  250  lb.  and  it  seldom  is  profitable  to  cany 
than  300  lb. 

5  The  application  of  the  principle  as  briefly  stated  requires  t^  ^ 
installation  of  a  twoH3tage  gas  compressor  with  suitable  interoooler  am^^ 
aftorcooler.  Vacuum  pumps  for  bringing  the  gas  from  the  welb 
the  plant  are  also  required.  The  intercooler  and  aftercooler  are 
the  opon-coil  typo,  and  assuming  that  the  surface  available  is 
the  efficiency  attainable  depends  upon  the  temperature  of  the 
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been  in  operation  for  two  or  three  years.  In  some  of  the  more 
modern  plants  a  much  more  convenient  and  flexible  arrangement 
will  be  found. 

1 1  Even  with  a  single-stage  expander  as  installed  in  this  plant, 
a  very  great  increase  in  the  yield  of  gasoline  has  resulted.   The 
successful  operation  of  this  small  single-stage  expander  was  not 
easily  accomplished.    The  collection  of  ice  around  the  valves,  to- 
gether with  the  difficulty  of  lubricating  them,  made  necessar>'  nimicr- 
ous  shutdowns.    It  was  soon  found,  however,  that  by  using  glycerine 
in  very  small  quantities  as  a  lubricant  and  by  applying  this  directly 
to  the  rubbing  surfaces,  the  machine  could  be  operated  almost  con- 
tinuously.   Whenever  it  was  possible  to  reduce  the  temperature  of 
the  compressed  gas  approximately  to  the  freezing  point,  all  water 
vapor  contained  in  it  was  frozen  and  thus  removed  before  entering 

• 

the  expander.    In  very  warm  weather  the  amount  of  refrigeration 
available  was  not  sufficient  to  bring  about  so  great  a  temperature 
reduction,  and  at  these  times,  after  continued  operation,  the  i^ 
collecting  in  the  exhaust  ports  and  in  the  valve  chest  seriously  int«^' 
fered  with  its  operation.    It  was  found  necessary  to  thaw  out  ^ 
expander  at  regular  intervals,  generally  once  in  24  hours.    For  ^^^ 
purpose  a  bypass  pipe  leading  directly  from  the  high-pressure  co^' 
pressor  was  used  to  bring  high-pressure  gas,  before  being  cooled     ^ 
the  wat^r  coils,  directly  to  the  expansion  cylinders.    The  tempers^t*^ 
of  this  gas  was  sufficient  to  thaw  out  the  ports  in  a  very  short  ti**^^' 

12  In  order  to  overcome  to  a  certain  extent  many  of  tl*^*^ 


difficulties  in  operation  and  in  order  to  secure  considerably  lo*^ 


temperatures,  the  expander  compressor  is  now  made  as  a  ci 
compound  machine.    It  is  possible,  therefore,  to  carry  the  expao^*^ 
much  further  and  to  reduce  the  temperature  of  the  gas  to  » 
greater  extent.  . 

13    No  insulating  material  was  used  in  this  installation,    9-^^ 
therefore  the  very  low  temperatures  obtained  were  shown  in  a  v^  • 
spectacular  manner.    Frost  and  ice  cover  the  cylinders  and  exh^*"^ 
pipes  to  a  depth  of  6  to  10  in.    The  machine  has  expansion  cylind^** 
10  in.  and  18  in.  in  diameter  with  compression  cylinders  17  in.  *^ 
8i  in.  in  diameter  respectively;  the  stroke  is  12  in.    Indicator  e^^^ 
taken  from  the  expansion  cylinders  (Fig.  2)  show  the  perfonn^^* 
of  this  machine.    These  cards  arc  of  particular  interest.    It  will    "^ 
socn  that  the  expansion   line  follows   verj'  closely  an  equilat^*^ 
hyp)erbola  and  therefore  is  not  nearly  so  steep  as  the  adiabaticr,    * 
might  be  expected.    The  explanation,  however,  is  quite  cvid^^  ' 
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of  the  valve  strip  itself.  The  valve,  therefore,  in  closing,  seats  through 
gradual  contact  from  the  ends  of  the  valve  toward  the  center  and  not 
by  direct  impact.  This  makes  it  possible  to  give  the  valve  a  ida- 
tively  high  lift  and  consequently  relatively  large  valve  area.  Be- 
cause of  the  extreme  flexibility  of  the  valve  strips  used,  even  the  ven* 
light  pressures  incident  to  vacuum-pump  work  are  sufficient  to  hold 
the  valve  to  the  seat  with  extreme  tightness. 

20  A  vacuum  pump  of  this  tyi)e  can  easily  develop  a  vaeumn 
on  closed  suction  of  29i  in.  of  mercury,  or,  in  other  words,  within 
i  in.  of  the  barometer.    This  of  course  determines  the  volumetric 
efficiency  of  the  vacuum  pump  at  any  working  vacuum,  for  asBuming 
that  the  volumetric  loss  in  a  vacimm  pump  is  directly  proportional 
to  the  number  of  compressions  under  any  working  conditions,  the 
volumetric  loss  will  be  the  ratio  of  this  number  of  compressions  w 
that  obtained  with  the  pump  working  on  a  closed  suction,  since  under 
this  condition  of  operation  the  volumetric  efficiency  will  be  lero,  ^ 
other  words,  when  the  volumetric  loss  exactly  equals  the  capacity  <* 
the  pmnp.    With  this  assumption  it  is  possible  to  express  algebr^^ 
ally  the  actual  capacity  of  any  vacuum  pump  for  any  given  worki*^ 
condition.    For  example,  the  actual  capacity  of  a  vacuum  pu^^^ 
liaving  a  displacement  of  D  cu.  ft.  per  min.  that  will  deliver  Q  cu.    "^ 
of  free  gas  per  24  hours,  is  expressed  by  the  following  formula:  Q 
1440  Z)  X  (C  —  V)/By  where  B  is  the  barometric  pressure,  Y  X 
actual  working  vacuum  and  C  the  vacuum  developed  on  closed 
tion.    The  relationship  thus  defined  gives  a  very  simple  mea. 
of  determining  the  size  of  pump  required  for  any  particular 
for  it  is  only  necessary  to  know  the  amount  of  gas  available,  tl 
vacuum  at  which  it  is  to  be  handled  and  the  vacuum  which 
pump  will  develop  li^ith  its  suction  closed. 

21  In  order  to  facilitate  the  choice  of  a  pump  for  any  particuly— 
scTvicc,  the  chart  sho>vn  in  Fig.  4  will  be  useful.  This  chart  shoi^* 
the  capacity  of  vacuum  pumps  having  any  displacement  ranging  fro^  ' 
500  cu.  ft.  per  min.  to  10,000  cu.  ft.  per  min.  and  working  und^^ 
any  (iegroe  of  vacuum  up  to  28  J-  in.  of  mercury,  referred  to  a  baromet^^" 
Heading  of  29J  in.  On  this  chart  are  shown  three  efficiency  liueu* 
corresponding  to  pumps  capable  of  maintaining  J,  1  and  1|  in.  ^^ 
mercury  absolute  on  a  closed  suction. 

22  Th(»  use  of  this  chart  is  illustrated  by  the  following  exsmfi^ 
If  it  is  rc(iuirod  to  select  a  pump  capable  of  handling  500,000  cu. 
of  fr<»o  pas  p(»r  day  at  21  in.  of  vacuum,  proceed  as  follows: 
the  horizontal  lino  marked  '*21  inches''  at  the  left  of  the 
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This  process  is  used  primarily  where  the  gas  treated  is  lean,  that  is, 
when  its  gasoline  content  is  small. 

25  In  the  absorption  process  the  wet  gas,  together  with  the 
absorbing  oil  (usually  mineral  seal  or  straw  oil),  is  forced  under 
pressure  into  the  absorber  where  the  two  come  into  intimate  coo- 
tact,  the  proportions  of  gas  and  oil  being  so  controlled  that  the  oO, 
when  leaving  the  absorber,  will  be  approximately  saturated  with 
condensable  vapor  from  the  gas.  On  leaving  the  absorber  the  sat- 
urated oil  is  passed  through  suitable  heat  interchangers,  where  iu> 
temperature  is  raised  by  means  of  hot  return  oil  from  the  still.  The 
hot  saturated  oil  is  then  led  to  the  still,  where  additional  heat  i:^ 
applied,  and  the  gasoUne  driven  off  in  the  form  of  vapor.    The* 
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gasohne  vapors  are  condensed  in  water-cooled  coils  and  delivered 
suitable  blending  and  storage  tanks.    The  residue-absorbing 
is  then  returned  to  the  heat  interchanger,  where  it  gives  up  a 
part  of  its  heat  to  fresh  saturated  oil,  as  described  above, 
which  it  is  passed  through  a  cooler  similar  in  design  to  the 
cooler  coils  of  the  compression  plant,  where  its  temperature  is 
duced  to  the  lowest  possible  point.    After  cooling  the  oil  is 
directly  to  the  absorber.    It  will  be  seen  that  the  proceas  is  a 
tinuous  one,  and  that  the  absorbing  oil  is  used  over  and  over 

26    Fig.  5  shows  diagramatically  the  general  arrangement  of 
small  absorption  plant.    The  natural  gas,  which  is  *   ought  in  fron^ 
a  pipe  line  under  pressure,  enters  the  absorbing  tank  at  c  and  the 
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course  is  particularly  evident  in  the  domestic  field  where  West 
Virginia  coal  has  been  shipped  in  vast  quantities  to  the  larger  popu- 
lation centers  at  a  considerable  distance. 

4  With  a  fixed  system  for  transporting  coal  and  with  adde<^ 
demands  for  its  use,  it  is  manifestly  necessary  to  transport  all 
possible  during  the  summer  months,  thus  compelling  storage 
vast  quantities.    The  difficulties  of  storage,  such  as  the  likelihoc^^ 
of   spontaneous    combustion,    are    well   understood   and   can 
avoided. 

5  While  it  is  not  possible  to  fiix  a  definite  figure  or  even 
representing  the  ratio  of  heat  absorption  to  that  of  possible  he^^st 
evolution  or,  stated  otherwise,  the  efficiency  for  the  respective  grou 
of  manufacturing,  locomotive  and  domestic  use,  it  is  ne 
desirable  to  look  into  this  phase  of  the  matter.    The  average 
mates  which  appear  in  Table  2  are  accordingly  submitted  by 


TABLE  1    BITUMINOUS  COAL  CONSUMPTION  IN  THE  UNrTED  STATES,  1M7 


Kind  of  Plant 


Stationary  steam  — 
Railway  locomotives 
Households 


Tons 


215,000,000 
11)0,000,000 
115.000,000 

540.000,000 


FvOm 


wiiter  for  what  they  are  worth  and  have  to  do  with  the 
of  the  several  groups  applied  to  a  year's  period,  all 
charged. 

6  Granting  that  all  of  these  figures  are  merely  a 
still  show  that  the  largest  possibiUties  rest  within  the 
of  the  duties  naturally  supervised  by  men  such  as  ourselves. 
respect  to  the  large  avoidable  losses  in  burning  domestic  fuel,  it  mi 
)ye  borne  in  mind  that  even  were  the  reclamation  or  saving  of  ooal  Icf 
more  economical  use  larger  than  the  estimates  in  Table  2  i 
the  difficulties  attending  a  proper  dissemination  of  knoidedfB 
effect  the  possible  economies  are  extreme. 

7  Dealing  with  a  single  furnace  the  particular  features 
consideration  are: 

a  The  character  and  physiuil  condition  of  the  coal 
6  The  manner  of  introducing  the  coal  into  the  fumaoe 
c  The  shape,  size  and  construction  of  the  grate 
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resulting  in  improper  fuel  beds  and  making  it  extremely  difficult  to 
cause  the  furnace  to  function  as  stated.  Such  conditions  result  in 
oversupplying  air  in  certain  sections,  undersuppl3ring  it  in  others 
and  in  failing  both  to  mix  the  air  and  gases  and  maintain  them  at  a 
high  temperature  within  the  capacity  of  the  furnace. 

10  Referring  to  a  particular  design  and  condition  of  equipment. 
it  happens  that  boilers  perform  at  about  the  same  efficiendee  through- 
out their  ranges  of  duty.     In  other  words,  clean  enclosed  heating 
surface  will  absorb  about  the  same  percentage  of  heat  without  regyd 
to  the  quantity  supplied  to  it  within  the  range  commonly  enooon- 
tered  in  practice,  say,  up  to  250  per  cent  of  builders'  rating.   This 
does  not  mean  that  all  boilers  are  equally  good  or  equally  good  heat 
absorbers;  it  has  to  do  with  the  proposition  that  for  a  given  dea&ff^ 
or  shape  of  heating  surface  it  is  not  essential  to  be  concerned  wi^ 
the  amount  of  heat  delivered  to  envelop  it,  for  the  proportion  9^ 
sorbed  will  be  practically  the  same  in  any  case.    On  the  other  h»<^* 
the  conditions  surrounding  boilers  do  play  a  big  part  in  the  reeult^^ 
efficiencies  and  divide  themselves  mainly  into  cleanliness  of 
sides  of  the  heating  surface  and  the  condition  of  the  enclosing 
ture  or  setting  of  the  boiler. 

11  Boiler  and  furnace  efficiency  depend  on  the  manner  in  wl 
draft  faciUties  are  provided  and  utiUzed.    In  connection  with 
there  are  the  following  points  to  bear  in  mind: 

a  There  must  be  provided  a  surplusage  of  draft  intena^^^." 
capable  of  being  exerted  at  the  fuel-bed  end  of  the  *^^i- 
stallation,  so  that  momentarily  greater  steam  denuuh  ^^T 
may  be  met  or  temporary  faults  of  fuel-bed  constructir^  -^ 
overcome 

6    Good  judgment  demands  that  the  chimney  or  fan  shall  ^  ^    .„ 
have  its  purposes  partially  defeated  by  tortuous,  iL^^Jv" 
shaped  breechings  or  faulty  passages  through  the  wiling  ^ 

c  Not  only  must  the  facilities  for  creating  air  movemr"*'''^^ 
through  the  fire  be  adequate,  but  the  room  delivering 
to  the  system  nuist  have  provision  for  the  introduetion 
the  volume  of  air  needed  for  the  combustion  prooeaaeB 

d  Causes  which  tend  to  reduce  draft  intensity,  as  by  Boot 
posits  and  air  infiltration,  not  only  bring  about 
their  own  accord  but  tend  to  destroy  the  available 
ticity  of  furnace  operation,  which  is  more  serious 

c  Furnace  draft  should  at  all  times  be  ample  to  overoome 
resistance  of  the  fuel  bed 
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efficiency  curve  BB,  This  has  the  characteristic  of  rising  to  a 
maximum  height  between  150  and  IGO  per  cent  of  boiler  rating.  The 
conclusion  is  that  it  is  best  to  run  the  boiler  at  around  150  and  160 
per  cent  for  normal  loads. 

14  Applying  this  judgment  to  the  problem,  take  2650  b.hp.  ^ 
the  mean  point  of  service  demanded  and  divide  by  640,  the  latt^ 
figure  being  the  product  of  400  and  1.60.  Thus  four  boilers  v^^ 
ordinarily  carr>'^  the  load  if  means  are  taken  to  operate  the  units  ^ 
this  rating.  Now,  how  shall  the  momentary  loads  beyond  be  handicap • 
By  bringing  up  one  unit  at  a  time  to  its  maximum  capacity  as 
load  increases  up  to  the  3000  hp.  of  the  original  problem.  In  a  lil 
manner,  when  the  load  decreases,  first  one  unit  is  reduced  to,  sa_ 
1 10  per  cent  of  rating,  and  if  that  reduction  is  not  enough,  a  secoi^^^" 
unit  is  taken  in  hand,  and  so  on.  In  other  words,  here  is  an  attcmp:::^^ 
to  push  the  operating  forces  to  a  place  where  they  dare  not 
their  duties  lest  they  lose  their  grip  on  the  steam  pressure.  Whe: 
it  is  considered  that  fewer  units  are  being  watched  and  less  fuel  L 
handled,  the  net  result  is  favorable  to  the  operatives.  The  schemi 
advanced  has  many  advantages  for  its  application,  as  borne  out  b> 
experience. 

15  The  above  is  a  mild  case  and  thas  far  only  the  iinmediati 
benefits  in  the  way  of  economy  have  been  stated.  The  corollarr 
benefits  no  less  important  are:  less  blowing  down;  less  soot  accumu- 
lation and  less  effort  and  steam  for  its  removal;  less  brick  mainten- 
ance per  ton  of  coal  burned ;  less  coal  loss  at  the  closing  periods  of 
tlie  operating  day  and  at  other  slow-down  periods;  greater  time  for 
ins|>oction,  overhauUng,  cleaning  and  repairs;  and  less  percentage  loss 
duo  to  unavoidable  losses  such  as  radiation. 

16  The  ability  to  apply  this  system  to  its  logical  and  best  con- 
clusion dei)ends  ui>on  whether  the  available  draft  is  adequate. 
If  deficient,  thus  not  piTinitting  the  attainment  of  a  curve  such  as  AA, 
then  the  opportunity  for  effecting  the  larger  efficiencies  is  exeluded, 
hut  the  principle  is  still  applicable.  If  the  furnace  capacity  is  in- 
adociuato,  thereby  causing  its  efficiency  to  fall  rapidly  at  the  higher 
rates,  then  the  limits  through  which  the  scheme  can  be  successfully 
jipplicMl  arc  (•()rn\'<pondingly  reduced.  If  the  plant  is  hand-firpd  (or 
(*vcii  stokoMired)  and  has  less  units  than  that  mentioned  in  the 
problem,  ixM'haps  the  exclusion  of  one  whole  unit  may  be  imprac- 
ticable; ill  that  case  each  grate  size  should  be  reduced.  Naturally 
it  is  extremely  important  to  know  just  what  the  possible  perfonnanoe 
of  each  boiler  unit  may  l>e  throughout  it.s  range  of  working;   also, 
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based  on  the  maximum-stress  theory,  which,  while  correct  for  cast 
iron,  is  not  satisfactory  for  steel.  Lanza,  in  his  Applied  Mecbanics, 
gives  a  modification  of  the  Grashof  formula  based  on  the  maximum- 
strain  theory,  which  I  had  used  before  with  fair  results  for  steel 
fittings  on  lower  pressures.  I  had,  however,  noticed  some  unac- 
countable failures  when  appUed  to  the  pipe  and  fittings  of  a  system 
using  a  working  pressure  of  4000  to  4500  lb.  per  sq.  in. 

3  While  studying  these  failures  my  attention  was  called  to  the 
maximum-shear  theory  proposed  by  Guest,  and  this  seemed  to 
explain  most  of  them.  About  this  time  the  results  of  the  experi- 
ments of  Cook  and  Robertson  were  published  in  Engineering,  (De- 
cember 15,  1911),  and  after  considerable  study  I  became  convinced 
that  these  offered  the  best  basis  for  design. 

4  The  form  in  which  they  give  the  formula  for  fiber  streas, 
based  on  the  maximum-shear  theory,  is 

P^  JP-1 

where  P  is  the  internal  pressure  in  pounds  per  square  inchi  /  the 
fiber  stress,  and  K  the  ratio  of  external  to  internal  diameter.  Thib 
is  the  equivalent  of  the  usual  formula 

where  do  is  the  internal  diameter  and  di  the  external  diameter,  as 

can  be  seen  by  substituting ^j- ,  for  K;  thus: 

tti 

/        -d,»  do*         2d,»        2d,»  " 


whence 
or 


2P(ii*=/(di«-do«) 

^"^di«-do»"^-  _dl' 

d|« 
5    The  results  of  their  experiments  show  that  if  a  factor  of  1-2 
were  introduced  the  equation  would  more  nearly  represent  the 
actual  results,  so  the  formula  suggested  by  them  becomeB 
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a  maximum  velocity  of  20  ft.  per  sec.  or  a  usual  velocity  of  12  II. 
per  sec.  waa  allowed,  which  required  a  pipe  of  2\  in.  inside  diameter. 
From  the  above  formula  the  thickness  required  for  a  pipe  of  2]  in. 
inside  diameter  is 


^^. 


*=-1.375±V       ^^>*^^ 


=  -  1.375  ±  V  ^^  +  1.891  -  -  1.375  ±  1.87e 
-  0.51  in. 


in!Pip«. 

~^  ISflf. 

i,       14        --..  — -^JoM-Cirefe. 

Fio.  I    Ttfical  Flanoed  Joint  foh  7500  Lb.  pbb  Sq.  In. 

ttiid  for  a  fitting  

/-       n7<;-u\^      7500x1:375*        .  y™e. 
(  -  -  1-375  ±  \  o;6  x"  19500 --TlOO  +  ^^^^ 


,  /14180  ", 


=  0.925  in. 


9  A  pipe  having  4-in.  outside  and  2i-iD.  inade  diameten  was 
chosen,  as  this  was  a  commercial  sice  and  allowed  the  nnimiMij 
thickness  of  metal  for  threading  to  use  in  a  joint  of  the  type  shown 
in  Fig.  1.  The  fittings  were  made  with  a  1-in.  wall  thicknen,  ths 
toe  shoH-n  in  Fig.  2  being  an  example  of  the  type  used. 

10  The  boKing  of  the  flange  wiih  figured  by  assunuDg  that  the 
full  pressure  wa.s  applied  to  the  area  of  a  circle  of  the  outside  diam- 
cler  of  the  ga.<ikct.  In  the  joint  in  Fig.  I  this  would  make  a  total 
load  on  the  bolts  of  L875*  x  3.142  X  7500  =  83,150  lb.,  which 
would  require  eight  IJ-in.  bolts  if  U.  S.  standard  bolts  were  used, 
allowing  a  working  fiber  strest)  of  10,000  lb.  per  sq.  ia.    This  woukl 
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factory  and  could  be  kept  fairly  tight  by  frequently  dreanng  the 
seat  and  plug;  but  it  was  found  more  satisfactory  to  uae  blank 
flanges  and  pipe  spools  in  place  of  the  valves  to  make  i 
changes  in  connections. 

14    The  machines  were  in  effect  single-acting  i 
the  ram  was  returned  by  an  auxiliary  low-pressure  Bystem.    The 


Flu.  3    Operatino  Valve  for  7500  Lb.  per  Sq.  Ik. 

main  opemting  valve  therefore  became  a  bypass  valve  which  wu 
cloned  to  drive  the  ram  forward  and  opened  to  allow  the  nm  to  stop 
iind  he  returned.  The  valve  in  Fig.  3  was  chosen  for  this  place  and 
was  first  made  without  the  loose  connection  shown  in  the  Bteoi,  but 
it  was  found  very  hanl  to  o|x>ii  it  uft«r  it  had  been  shut  ti^t,  so  the 
connection  was  added  and  this  difficulty  overcome.  Experieooe  had 
shown  that  the  form  of  seat  used  with  the  beveled  recess  for  the  plug 
would  last  nnich  longer  than  if  the  valve  had  a  flat  seat. 


15  This  syff 
pressure  of  8000 
with  the  except 
faction. 

16  On  two 
ing  pressures  of 
pipe  and  fitting 
valves  f  umishec 


and  proved  unsi 
held  the  valve 
These  were  repl 
satisfactorily. 

17  These  n 
which  returned 
on  the  return  si 
intermediate  pii 
breaking  throug 


9»4       VALVES   AND   rilTIKQS    FOB   HIQH   BTDRATTUC   7BX88UBBS 

cylinder  entirely  o£E  the  valve  body.  Two  of  the  valve  bodies  also 
failed  by  splitting.  In  view  of  this  and  the  fact  that  a  leakage 
through  the  U-Ieather  packing  might  also  blow  the  operating  i^lin- 
der  oS,  it  was  decided  to  redesign  this  valve,  using  a  cast-steel  body 
and  cylinder  arranged  to  eliminate  these  faults.  Fig.  6  shows  this 
valve,  and,  although  it  is  rather  difficult  to  build,  it  has  proved  very 
satisfactory  in  operation. 


ExBAUBT  Vu.vx  FOB  6000  la.  ras  Sq.  m. 


18  On  a  smaller  press  having  three  double-acting  cylinders 
designed  to  operate  in  regular  sequence,  a  multiple  valve  of  the 
semi-balanced  spring-closed  type,  shown  in  Fig.  7,  was  used,  having 
the  individual  valves  opened  by  bell-crank  levers  moved  by  face 
cams  mounted  on  a  common  shaft.  The  cams  were  so  ■iraTniiil 
that  rotation  in  one  direction  would  cause  the  cylinders  to  operate 
in  the  proper  order.  The  valve  was  so  designed  that  irtien  open 
the  area  through  the  seat  was  greater  than  around  the  stcoi,  thus 
reducing  the  velocity  of  water  through  the  seat  and  laivily  elimi* 
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is  admitted  from 
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Fio.  8    Kxi 

22  As  the  hi 
sq.  in.,  double  ( 
hydraulic  screwet 
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Flo.  9    Section  1 

hammer  rather  tb 
required,  and  tha 
be  used  to  avoid 
of  water  hammer 
before  it  is  in  opt 
the  first  part  of  I 


988      VA.LVBS  AND   FITTINQS   FOR  HtOH   HTDEI&ULIC 

to  one-half  the  elastic  limit  of  the  materialfl  employed,  depending 
OD  the  probable  severity  of  shock  from  this  cause.  This  I  have 
attempted  to  check  by  figuring  the  rise  of  pressure  to  be  expected 
due  to  the  inertia  of  the  moving  parts  of  the  accumulator  if  all 
operating  valves  should  be  closed  at  the  same  time.  This  is  done 
by  assuming  the  ram  of  the  accumulator  to  be  coining  down  with  ■ 
maximum  velocity  and  Sguring  the  force  necessary  to  cause  a  nep- 
tive  acceleration  sufEcient  to  stop  it  in  an  assumed  minimum  time  of 
closing  the  valves.  This  at  best  can  only  be  a  rough  check,  but  it 
has  proved  sufficient  in  several  cases.  The  piping  of  such  a  syatcm 
should  be  so  supported  and  anchored  that  water  hammer  will  not 
cause  any  considerable  whip  in  the  piping,  as  this  is  the  usual  caiw 
of  broken  fittings  and  leakii^  joints. 


Fia.  10    Valve  for  Btpabs  to  Tank  ok  Rbturh  Snow* 

24  Tlie  valve  most  used  to  control  single-cylinder  machic*-** 
like  draw  benches  on  an  accumulator  system  is  a  combined  throt** 
and  reversing  valve,  while  the  valves  for  multi-cylinder  machir  -^^ 
are  too  numerous  and  complex  to  describe  in  this  paper,  but  ^*T 
principles  used  in  their  design  are  the  same  as  for  the  valvea  sItm  "^ 
described,  except  that  greater  care  must  be  exercised  to  prevent  t^^"^ 
rapid  opening  and  closing  and  consequent  destructive  water  h 


DISCUSSION 

Charles  Raisio  (written).    I  have  read  the  paper  with  a  g 
deal  of  interest  and  wish  to  present  forraulsB  I  have  used  Bucoesrfu^^^*^ 
and  com[)are  them  with  the  formula  employed  by  the  author. 

In  all  problems  which  I  have  encountered  in  practice,  the  fit^*"" 
xtrww  in  a  thick  cylinder  due  to  internal  pressure  may  be  figured  *• 


for  a  thin  cylind 

external  diametei 

Barlow's  simpl 
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A  formula  us 

and  steam  hydra 
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The  formula  presented  by  the  author  may  be  written  as 

In  order  to  compare  these  various  fommlse  with  each  other  they 
have  been  plotted  as  shown  in  Fig.  11,  where  it  is  seen  that  all  the 
curves  give  practically  the  same  result  when  the  ratio  r/i  is  equal  to 
or  greater  than  3.  Below  3  the  curves  diverge.  Those  for  Fonnub 
[1],  [4]  and  [6]  lie  well  together,  however,  until  the  value  of  r/t  hv 
decreased  to  unity. 

At  the  value  of  r/t  =  0.5  the  curve  for  formula  [6]  has  diverpd 
considerably  from  those  for  Formulae  [1]  and  [4],  these  latter,  however, 
still  agreeing  very  closely.  Values  of  r/t  below  0.5  are  not  liable  to 
be  used  even  for  the  exceedingly  high  pressures  which  occur  in  guns. 
For  pressures  up. to  8000  lb.  per  sq.  in.  the  ratio  r/t  is  seldom  smaller 
than  2. 

In  order  to  compare  the  results  obtained  by  Formuke  [1]  and  (i| 
let  us  recalculate  the  two  problems  given  by  the  author  in  Far.  8. 
Taking  2|  in.  inside  diameter,  7500  lb.  per  sq.  in.  internal  presnue 
and  the  safe  fiber  stress  in  the  seamless  tube  as  27,000  lb.  per  sq.  in-, 
then,  since  R  =  r  +  t,  from  Formula  [1] 

(<+ If)  7500  =  27,000 « 

from  which  t  =  0.53  in.  as  compared  to  0.51  in.  from  the  author's 
calculation. 

In  the  second  prol)lem,  assuming  the  same  conditions  with  the 
exception  of  the  fiber  stress,  now  19,500  lb.  per  sq.  in.,  t  =  0.86  in.  •• 
compared  to  0.925  in.  obtained  by  the  author. 

Formula  [4],  the  results  of  which  can  be  obtained  simply  with 
sufficient  accuracy  by  the  use  of  Formula  [IJ  for  all  values  of  r/t  p^^ 
than  0.5,  is  the  one  U8e<l  by  the  Army  and  Navy  in  gun  deflgn  f* 
pressures  which  are  much  higher  than  tl^ose  under  consideration. 
For  this  reason  while  the  results  obtained  by  using  Formula  [i\  ^ 
less  conservative  than  those  obtained  by  employing  the  author  9 
formula,  [6],  the  writer  believes  that  they  are  entirely  safe. 

I  would  particularly  like  to  have  the  author  publish  more  in  dew 
the  failures  which  he  has  ol)served  in  order  to  guide  otherB  as  to 
the  siife  fil)er  stress  to  assume  for  difTcrcnt  classes  of  high-preflsu^ 
work. 

A.  A.  Adlkr  asked  the  author  regarding  the  hypothesis  he  had 
employed  in  connection  with  the  design  around  the  flanges.    Ordi* 
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of  factors  involved.  No  two  experimenters  have  used  precMy 
the  same  methods  of  testing,  and,  furthermore,  very  few  have  stated 
the  conditions  of  their  tests  with  sufficient  completeness  to  enibk 
one  to  make  comparisons  or  draw  definite  conclusions.  It  is  there- 
fore not  surprising  to  find  conflicting  data  and  opinions,  iriieretf 
the  data  may  be  entirely  correct  for  the  particular  conditions  under 
which  they  were  obtained. 

2  The  obvious  remedy  for  this  state  of  affairs  would  appear  to 
lie  in  the  elimination  of  all  variable  factors,  i.e.,  in  the  standardin- 
tion  of  methods  of  testing.  Undoubtedly  there  can  be  no  one  stand- 
ard method  for  testing  relative  corrosion;  neither  can  there  be, 
nor  is  there,  one  standard  method  for  testing  the  relative  stiengths 
of  metals.  But  just  as  there  are  tension,  compression,  shear,  tor- 
sion, bending  and  fatigue  tests  for  determining  the  relative  strengths 
of  metals  under  different  conditions  of  use,  so,  too,  ought  there  to 
be  certain  standard  tests  for  determining  the  relative  corrooon  of 
metals  under  different  conditions.  In  order  that  the  results  ob- 
tained by  different  experimenters  may  be  comparable  and  lead  to 
definite  conclusions  regarding  the  laws  of  corrosion,  standards  should 
be  adopted  in  regard  to  such  matters  as  dimensions  of  spedmoDS, 
preparation  of  surfaces,  amount  of  corroding  medium,  method  oC 
suspension  in  medium,  temperature,  access  of  light,  duration  ^ 
test,  diffusion,  cleaning  and  weighing  of  specimen,  method  of  ^* 
pressing  relative  corrosion,  and,  perhaps  most  important  of  all,  ^ 
nature  of  the  corroding  medium. 

3  The  ultimate  aim  should  be  to  devise  a  comprehensive  ^^^^ 
of  tests  to  which  standard  specimens  of  materials  may  be  subjec^^^^ 
and  by  which  the  relative  corrodibiUties  of  these  different  mater''^*^ 
may  be  predicted  for  certain  service  conditions.    A  great  ama 
of  systematic  research  work  would  have  to  be  done  before  a 
factory  set  of  standards  could  be  devised,  but  the  problem  is 
what  simplified  by  the  fact  that  relative  values  of  oonosion 
desired  rather  than  absolute  values.    Consequently^  it  will  prol 
be  found  that  a  few  tests  will  cover  in  a  qualitative  way  the 
usual  conditions  tliat  are  met  with  in  practice.  ^j 

4  One  of  the  most  important  factors  that  would  be  invoI^^^V 
in  any  proposed  standard  method  is  the  time  element.    Althm^^^ 
the  best  test  of  the  usefulness  of  a  material  is,  of  oounBy  the 
service  test  during  a  long  period  of  time,  no  engineer  wouM  think 
building  a  machine  or  structure  without  first  making  strength 
of  samples  of  the  materials  used;  and  in  like  manner  he  would 
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in  a  smelter  town  when  much  SOs  is  present.  Hot^witer 
tests,  acid  tests,  etc.,  must  be  interpreted  with  the  utmost 
care." 

9  Since  accelerated  tests  are  not  regarded  as  trustworthy,  and 
also  since  long-time  tests  are  not  feasible,  it  becomes  neoefissiy  to 
adopt  some  compromise  between  the  one-  or  two-hour  period  of 
accelerated  tests  and  the  many  years  of  the  actual  service  torts. 
Some  preliminary  tests  conducted  by  the  writer  led  to  the  ooodu- 
sion  that  trustworthy  results  could  be  obtained  within  a  period  of  t 
few  weeks,  provided  analytical  balances  were  employed  and  the 
same  care  exercised  as  in  quantitative  chemical  analysis.  Of  eoone, 
small  test  specimens  would  have  to  be  employed.  The  objection 
might  be  urged  that  small  specimens  would  not  be  representatiTe 
of  the  material,  but  duplicate  or  triplicate  samples  comlHiied  with 
greater  uniformity  of  preparation  and  accuracy  in  weighing  would 
more  than  offset  this  nominal  disadvantage. 

BiETHODS  PREVIOUSLY  EMPLOYED   FOR  CORBOSION  TE81B 

10  Not  only  is  it  necessary  to  adopt  standard  methods  of 
testing,  but  it  is  equally  important  to  agree  upon  some  unifonn 
method  of  expressing  the  results.  The  following  methods  have 
been  employed: 

a  Loss  of  weight  (specimens  of  practically  the  same  origM 

weights) 
b  Per  cent  loss  of  weight 

c  Loss  of  weight  per  unit  area  of  exposed  surface 
d  Appearance  as  judged  by  the  naked  eye  or  lens. 

1 1  Methods  a  and  o  do  not  give  correct  relative  values  of  the  eo^ 
rodibiUties  of  materials  that  differ  appreciably  in  density.  Method 
b  does  not  have  this  objection,  but  Uke  a  it  does  not  take  inlo  account 
important  differences  in  the  ratios  of  exposed  surface  to  voluiDe* 
Method  d  is  merely  quaUtative  and  depends  upon  personal  ju^ 
ment,  but  is  useful  for  cases  of  unequal  corrosion,  or  pitting,  as  ^ 
be  noted  later. 

PROPOSED  METHOD   FOR  INDICATING  RELATIVE  GOBBODIBIIiITr 

12  Although  exx)eriments  run  under  different  conditioiM  ^^ 
respect  to  weight,  density,  and  exposed  surface  of  the  qiedmens  can 
never  be  considered  strictly  comparable,  a  much  better  measui*  v 
the  relative  corrodibilities  of  materials  can  be  gained  by  Bpj^tjM 
the  following  method  of  reasoning: 
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ratio  of  surface  to  volume,  the  results  will  be  0.40  per  cent  cu.  em 
per  sq.  cm.  in  each  case,  and  thus  a  true  measure  of  the  relati\'e  c*' 
rodibility  is  obtained. 

18  The  algebraic  derivation  of  this  method  is  as  follows: 

Let  a  =  area  of  exposed  surface  of  teet  specimen,  sq.  cm. 
V  =  volume  of  specimen,  cu.  cm. 
d  =  density  of  material,  grams  per  cu.  cm. 
w  =  original  weight  of  specimen,  grams 
8  =  loss  in  weight  in  grams  by  method  a 
p  =  per  cent  loss  in  weight,  and  volume,  by  method  b 
K  —  measure  of  relative  corrosion  by  proposed  method,  per  cent 
of  cu.  cm.  per  sq.  cm.  of  surface. 

i  s 

p  =  -  X  100  =  100  -  =  100  -  =  per  cent  loss  of  volume, 

w  w  V 

d 
since  the  volume  equals  weight  divided  by  density. 

-  =  ratio  of  surface  to  volume, 

V 

and 

1  1 

-=  100 -X  -  =  100-=  percentof  cu.  cm.lostpersq.cm.ofsurfftoe. 
a^  V      a  a 

V 

Therefore,  iC  =  -  ;  that  is,  the  per  cent  loss  in  weight  (or  voluw^ 

V 

is  to  l)e  divided  by  the  ratio  of  surface  to  volume. 

19  These  values  of  K  will  then  represent  the  true  rebtite 
corroiiibilities  when  the  conditions  of  testing  are  the  same  except 
for  the  densities  and  dimensions  of  the  specimens.  But  fiiuJly»  ^ 
oriler  to  express  in  the  simplest  and  most  easily  comprehended  nttD* 
ncr  the  relative  values  of  different  materials  in  regard  to  their  f^ 
sistances  to  corrosionj  the  reciprocals  of  the  K  values  should  be  Uka> 
and  compared  with,  say,  the  liighest  one,  which,  for  the  sake  of  ooiB- 
imrison,  may  be  regarded  as  having  a  corrosion  lesistanoe  of  W 
Y>QT  cent.  Thus,  if  materials  A,  B,  C,  and  D  have  values  for  K  o' 
T),  10,  15,  20,  respectively,  the  reciprocals  or  reristances  to  ooR^ 
sion  will  1)0  0.2,  0.1,  0.067,  and  0.05;  while  the  relative  "effidencitf" 
of  resistance  to  corrosion  will  \ie  100,  50,  33|,  and  25,  respectivelj- 

20  This  new  method  of  expressing  relative  ooirodibilities  Uktf 
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analyses  of  these  alloys,  as  made  by  the  manuf acturers,  are  found  in 
Table  2. 

23  The  alloys  were  supplied  in  the  form  of  |-in.  rolled  stock, 
which  was  turned  down  in  a  lathe,  and  from  which  were  cut  disb 
of  fairly  uniform  size  as  shown  by  the  data  in  Table  3. 

24  A  i-in.  hole  was  drilled  in  the  center  of  each  specimen  in 
order  that  a  glass  hook  could  be  inserted  for  suspending  the  specimen 
in  the  corroding  medium.  All  the  specimens  were  first  roughly  polished 
by  emery  cloth  and  then  finished  to  uniform  surface  conditions  by 
rouge  cloth.  The  disks  were  then  washed  in  ether  to  remove  all 
grease,  dried  in  a  dessicator,  and  carefully  weighed  on  analytical 
balances. 

TABLE  3    DATA  ON  TEST  SPECIMENS  * 

Av«(rag»  diameter,  inohes O.iW 

ATwage  thickness,  inehee 0.1S44 

Ayerace  weight,  frams 7.iM 


(:) 


Average  ratio  of  surface  to  volume  |  -  j 10. M 

Average  per  cent  deviation  of  -  from  mean 4.1 

f 

Maximum  ' U.S 

Minimum   "      '•  •     O.IS 

^  As  obtained  after  the  series  of  teste. 

25  The  following  solutions  were  employed: 

a  Tap  water 

b  0.1  per  cent  sea-salt  solution  (one  gram  of  sea  salt  per  liter 

of  tap  water) 
c  10  per  cent  sea-salt  solution  (100  grams  of  sea  salt  per  liter 

of  tap  water). 

26  In  order  to  insure  uniformity  of  corroding  media  through- 
out  the  entire  series  of  tests,  sufficient  amounts  of  the  solution  wvre 
made  up  and  put  away  in  tightly  stoppered  bottles. 

27  The  tests  on  the  various  alloys  and  three  solutions  were 
run  simultaneously  with  duplicate  specimens.  A  150-cc.  beaker 
filled  with  100  cc.  of  the  corroding  solution  was  provided  fw  each 
individual  specimen,  which  was  suspended  in  the  middle  of  the 
solution  by  means  of  a  glass  hook  attached  to  a  short  piece  of  wood 
resting  on  top  of  the  beakci.  At  the  end  of  the  one-day  (24-hour) 
test  the  specimens  were  removed  from  the  beakers,  soaked  for  sev- 
eral hours  in  a  solution  of  ammonium  citrate  in  order  to  remove 
the  rust,  dried  and  carefully  weighed  to  determine  the  loss  in  wei|^t. 
The  specimens  were  thcn]polished  so  as  to  have  new  surfaoeB,  clemfA 


dried  and  wei{ 
solutions  were 
2&-andl05-d8 
csise,  and  the 
observed. 


28  In  exp 
loss  by  weigh 
than  the  valu< 
ratios  of  the  si 
age  deviation 
4,  5  and  6  are 
sion   (Table  5 


THE  BBLATITB  COBBOSION  Or  ALLOTS 


Fio.  2    GoRBoeioN  IN  O.ID  Per  Cent  BEA-&a;r  Solutiom 


¥ia.  3    Corrosion-  in  10  Per  Cent  Sea-Salt 

marked  F  being  taken  a«  the  100  per  cent  standard  in  thii  <•■• 
Alloys  li  and  E  exhibited  such  a  sHght  amount  of  cornwiaB  tkll 
they  could  not  very  well  be  used  as  a  baais  for  compHrinn.  TUbC 
gives  some  stati:itical  data  of  these  testa. 


i 
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cases  superior  and  in  no  case  inferior  to  all  the  other  alloys.  This 
was  the  only  alloy  that  exhibited  its  original  appearance  after  bong 
cleaned  in  the  ammonium  citrate  solution. 

31    Peihaps  the  next  most  impressive  fact  brought  out  by  these 
tests  is  the  decreased  corrosion  of  the  more  corrosive  group  of  alloys 

TABLE  6    RELATIVE  EFFICIENCIES  OF  CORROSION  RESI8TANCB> 


1 
i 
1 

! 

IDay 

7  Days 

T 

28Dftys 

OODaya 

1 

lOODiyi 

ap  Water 

A 

i 

1  

10.4 

B 

'  1 

00 

14.8 

11.6 

o» 

100.0 
12.2 

i         3430.0 

13.8 

11.4 

1         1300.0 

!           100.0 

13.1 

1130.0 

C 
D 

B 

42.0 
M.4 

11.3 

0.7 

1 

13.0 

0  74 
1140.0 

0 

100.0 
84.3 

100.0 
10.7 

too.o 
no 

O.lPcrCen 

1 

t  Sea-Salt  Solution 

I 

A 

! 

7.31 

B 

1284.0 

17.2 

13.6 
8600 
100.0 

14.6 

It  Sea-Salt  Solutioi 

688.00 

14.40       , 

0.03 

208  00 

1           100.00 

10.60 

1 

343.0 

C 
D 
B 

M.7 

n.o 

2e.i 

21.0 

U.43 

7.73 

33.33 

P 
0 

1000 
61.1 

1 

,         100.0 
20.8 

10  Per  Cm 

1 

100.03 
3.43 

1 

A 

1 
1 

17.7 

H 

10460.0 
20.2 

27.6 
4000 
100  0 

39  0 

1745.0 

21.1 

30.0 

340.0 

100.0 

27.5 

334.0 

C 
D 
E 

80.7 
,           77.7 

'           MO 
;          62.8 

17.3 

17.4 

147.3 

F 
G 

100.0 

77.7 

1         1000 
71  4 

103  0 
304 

>  As  calculated  from  Table  4. 

as  sea  salt  is  added  to  tap  water.  This  effect  is  not  observed  in  the 
non-corrosive  group  of  alloys,  for  the  reason  that  it  is  probablj 
masked  by  experimental  errors  in  determining  the  very  alight  loMB 
in  weight.  This  decroascd  corrosion  with  increased  concentratioo 
of  the  salt  solution  is  in  luirmony  with  the  results  of  other  experi- 
menters, notably  Friend  and  Barnet.* 

*  The  Currat^ion  of  Iron  in  Aqueous  Solutions  of  Inorganic  SsltSi  by  J.  New- 
ton Friend  and  Peter  C.  Bamet,  Journal  of  the  Iron  and  Sted  Institute,  1915, 1 
p.  336. 
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34    The  specimens  did  not  show  any  pitting,  but  in 
after  the  corrosion  products  had  been  washed  off,  there  i 
stains  and  shght  blotches,  except  in  the  case  of  B,  which  ehowed 
only  a  very  slight  yellow-red  stain  in  the  salt  solutions,  but  wliicb 


0  to  40  W  ftO  100  oo 

Fiu.  4    Hei^tivb  KKFtc'iKN<^iKB  OF  CoRHOfiioN  Rebutanck  or  Taf 

Watkb 

was  enttih,'  removed  with  tlic  result  tliat  the  metal  showed  ita  origi* 
nally  bright  appearauce.  It  must  be  kept  in  mind  that  do  qmnti- 
ttve  method  of  measuring  corrosion  in  satisfactory  in  the  case  of 
materials  that  become  pitted,  for  it  may  very  likely  happen  that  a 
badly  pitted  s|>ecimen  may  show  but  a  comparativdy  HiiaU  klM  m 
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the  new  method,  in  cases  where  the  spedmens  vary  conadmlitr 
among  themselves  with  regard  to  density  or  ratio  of  surface  to  vol- 
ume, will  give  a  much  better  basis  for  comparison  than  any  otlwr 
method. 


Fig.  6    Rklativk  ErncuBNcixa  or  Cosbobion 
Per  Cent  Sea-Salt  SoLTrnoN 

36  The  relative  efficiencies  of  corrosion  i 
graphically  by  Figs.  4,  5  and  6,  indicate  that  very  oonsistcnt  rarahB 
can  be  obtained  by  the  method  of  testing  emplcqrad  in  theaa  aeriw, 
when  the  duration  of  the  test  is  one  week  or  more  for  the  more  eor> 
rosive  alloys,  and  about  one  month  or  more  ior  the  1 


alloys.  In  fact,  on 
alloys  in  the  order 
as  will  cause  enougl 
balances.  Nevertlu 
as  to  the  best  msi 
Till  have  to  be  do 
service  tests  as  coi 
described  in  this  p^ 
to  conclude  that  vei 
can  be  obtained  by 
without  using  "accc 


37    The  concluai( 
summarised  as  folio 

a  Steels  and 
corrosive 
of  nickel 
tap  vaif 

b  Titanium-t 
ant  to  G 
tap  wati 

c  In  general 
of  the  se 

d  Conunercii 
to  corr 
duration 

e  Refined  lal 
mens  un 
be  devif 
corrodib 
duration 

/  The  metho 
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should  1 

■   within, ! 

g  The  quan 
always  1 
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DISCUSSION 

Allerton  S.  Cushman  ^  (written).  I  have  read  Mr.  Fehr's  paper 
with  the  closest  attention,  as  the  subject  of  acceleration  tests  tf  i 
measure  of  the  corrosion  resistance  of  metals  has  interested  me  for 
many  years. 

Speaking  for  myself,  I  long  since  reached  the  conclusion  tint 
small  laboratory  immersion  tests  on  the  beaker  scale  of  operation 
were  worse  than  useless,  for  the  information  yielded  often  lewb  to 
conclusions  quit«  the  opposite  of  the  truth.  I  remember  particuhriy 
a  series  of  immersion  tests  in  ammoniacal  solutions  which  had  U 
to  the  conclusion  that  iron  and  st<H)l  were  uncorrodible  in  such  mediai 
when  I  was  shortly  afterward  confronted  in  consulting  practice  with 
the  experience  of  an  industrial  concern  which  had  run  into  serioui 
damage  owing  to  the  peculiar  and  dangerous  corrosion  of  a  seiiearf 
stool  vessels  in  which  ammoniacal  solutions  were  contaii^.  AA^ 
investigating  this  case,  I  lost  confidence  in  my  laboratory  iminenwn 
tests. 

Of  course,  whore  the  degree  of  corrosion  resistance  is  very  maiW 
as  Iwtwoen,  for  instance,  cupro-nickol  and  ferrous  metals,  the  diH^B^ 
enco  can  Ik>  easily  sho^ii  in  inunersion  tests,  but  in  such  cases  the 
difference  in  resistance  is  so  obvious  that  tests  seem  almost  unneoea- 
s2iry.  When  it  comes  to  dotermining  whether  a  given  ferrous  DBtal 
will  outlast  another  under  the  average  service  conditions  wfaidiaodk 
metals  are  called  u|X)n  to  moot,  it  is  my  belief  that  no  accelerated 

<  Li('ut.-(\>I.,  U.  S.  A..  The  Institute  of  IiiduHtrial  Research,  WadungUn, D.C. 


test  will  ever  imitate 
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The  author's  cor 
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high  percentage  of  nickel),  copper-nickel  and  copper-aluminum 
allo3rs  in  tap  water  and  sea-salt  solutions,  is  undoubtedly  justilMd, 
but,  on  the  other  hand,  we  have  to  remember  that  these  differeot 
grades  of  metal  rarely  come  into  commercial  competition  with  eidi 
other,  as  they  are  not  made  for  the  same  purposes  or  sold  within  the 
same  range  of  prices.  It  could  equally  as  easily  be  discovered  tbt 
platinum  and  gold  were  less  corrosive  than  nickel  steel  containing  a 
high  percentage  of  nickel. 

In  regard  to  the  author's  final  conclusion  that  quantitati?e 
methods  of  measuring  corrosion  should  always  be  accompanied  by 
qualitative  tests  based  on  the  appearance  of  the  specimen,  in  order 
to  detect  pitting  or  other  irregularities  on  the  surface,  here  we  aho 
find  ourselves  up  against  a  difiiculty,  since  the  quality  and  kind  of 
pitting  which  takes  place  depend  entirely  on  the  nature  of  the  attack 
under  service  conditions,  so  that  one  and  the  same  metal  may  ihov 
an  entirely  different  quality  in  this  respect  under  one  sort  of  aervioe 
from  what  it  would  show  under  another.  However,  Mr.  F.  N. 
Speller,  metallurgical  engineer  with  the  National  Tube  Company, 
has  made  very  valuable  studies  in  regard  to  the  pitting  of  pipes  under 
various  kinds  of  service  and  has  published  quantitative  methods  of 
following  this  particular  phase  of  the  corrosion  problem.  Some  of 
them  have  been  published,  I  |;>eheve,  in  the  Transactions  of  the 
American  Society  for  Testing  Materials. 

J.  H.  NoRRis  said  that  the  corrosion  of  non-ferrous  alloys  hf 
weak  saline  or  alkahne  solutions  could  be  expedited  by  bringing  the 
two  samples  into  contact  and  then  separating  them.  In  his  business, 
use  was  made  of  a  gear  train  working  in  tap  water.  Tap  waters 
varied  a  great  deal  over  the  country  and  in  some  cases  gev  traini 
running  in  them  would  be  entirely  corroded  in  two  months.  This 
he  attributed  to  electrolytic  action  between  the  gears.  The  t*^ 
running  gear  would  not  corrode,  while  the  slow-running  one  corroded 
so  rapidly  that  it  had  to  be  replaced  in  a  very  short  time.  He 
thought  that  any  experiment  on  the  corrodibility  of  alloys  should 
take  the  foregoing  observation  into  account. 

Benjamin  J.  Colvin  related  his  experience  with  a  5000-gal.  bo*- 
watcr  heater  provided  with  the  usual  internal  brass-pipe  coil.  This 
lieater,  after  serving  a  dye  house  for  two  years,  began  to  corrode 
rapidly,  and  inasmuch  as  daily  analyses  showed  the  water  to  be  soft 
and  very  uniform  throughout  the  year,  it  occurred  to  him  that  the 
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The  Author.  The  criticisms  and  suggestions  made  by  those  wiio 
took  part  in  the  discussion  of  the  paper  are  appreciated  by  the 
author,  who  wishes  to  make  brief  reference  to  three  matters  which 
suggest  the  trend  of  the  discussion,  namely,  ''acceleration  teste," 
"laboratory  immersion  tests,"  and  "electrolysis." 

In  order  that  Dr.  Cushman's  frequent  reference  to  acceleratioa 
tests  may  not  leave  the  impression  that  the  author  of  the  paper  is 
an  advocate  of  such  tests,  it  may  l)e  well  to  call  attention  to  Fan. 
5,  9,  36  (last  line)  and  376,  which  were  intended  to  emphasiie  two 
points  concerning  the  author's  position  in  this  matter,  namely: 

1  Acceleration  tests  can  not  be  regarded  as  trustworthy 

2  (.Corrosion  tests  of  a  few  days  or  weeks,  run  under  natural 

conditions  but  with  refined  methods  of  manipulation 
and  observation,  can  probably  be  devised  as  a  satisfac- 
tory  compromise   between   the  short-time  accelentioD 
tests  and  the  long-time  service  tests. 
To  avoid  any  miHunderstanding  as  to  the  meaning  of  "accdersr 
tion''  in  corrosion  tests,  mention  should  be  made  of  the  fact  that* 
although  the  so-called  acceleration  tests  employed  by  various  in- 
vestigators have  been  of  only  a  few  hours'  duration,  the  auth* 
l)elieves  that  the  idea  of  acceleration  refers  primarily  to  the  int*^ 
sified  corrosive  influences  rather  than  to  the  shortened  time  t^ 
was  required  by  the  corroding  media  to  produce  appreciable  eff^^ 
In  other  words,  if  a  test  were  conducted  on  a  metal  under  ser"*^ 
conditions  for  a  very  short  perio<l  of  time,  it  could  not  be  c^i^**^ 
an  "acceleration"  tc^t,  for  the  reason  that  the  corrosion  was       ^ 
accelerated. 

With  reference  to  "  laboratory  immersion  tests/'  the  author  da^^**^ 
to  state  that  if  he  were  to  employ  this  expression,  he  would  want 
terms  '* laboratory"  and  ** immersion"  to  be  interpreted  broa^ff^^^' 
Kor  instance,  corrosion  tests  of  small  samples  exposed  outdooi      ^ 


carefully  observed  weather  conditions,  but  prepared,  cleaned, 
weighed  under  the  l)est  conditions  obtainable  in  a  laboratory,  i^^*^ 
well  Ix*  called  laboratory  tests  (se<»  Par.  37e);  and  as  for  the 
*' immersion,"  all  corrosion  tc^ts  an'  really  immersion  tests,  wfa^ 
made  outdoors  or  in  tlu*  lalnmitory,  for  a  test  specimen  may        . 
regarded  as  Inking  inunei*se(l  in  a  gas,  such  as  air,  as  well  as  in  a  Uqt^^^,' 

However,  even  though  the  term  " laljoratory  immersion 
was  us(m1  in  a  restrictcMl  s(»nst*,  iu<  was  evidently  intended  by 
Cushnian.  the  author  would  not  agree  that  such  tests  are  **' 
than  usi'less."  any  more  than  technical  and  scientific  men  wow» 
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the  lift  span,  and  connected  to  it  by  wire  ropes  which  pan  onr 
grooved  sheaves  on  the  tops  of  the  towers.  The  dead  load  of  the 
span  and  counterweights  is  therefore  carried  to  the  piers  entirdy  bf 
the  towers. 

3  Unlike  any  bridge  of  this  type  which  has  succeeded  it,  thii 
bridge  is  operated  by  machinery  which  is  located  under  the  roidin;, 
at  the  base  of  one  of  the  towers.  Its  power-transniission  equipment 
consists  of  a  system  of  wive-rope  drives  running  from  the  grooved 


Viu.  1     Halsted  Street  Bridge  Over  Soctb  Branch  op  Cwuuo 
Ri^'ER,  Chicago,  III. 

130-tt.ipu.140-tt.urt.     DaifuolJ.  A.  L.  WadiMI.  KaUBiCiUr.lilB, 

drums  in  the  machinery  house  to  each  end  of  the  lift  span,  ind  to 
each  Gounterfreight.  There  are  16  ropes  in  all.  ESght  upJi**' 
ropes,  passing  around  a  set  of  idlers  at  the  bottom  of  the  near  towC) 
lire  carried  to  ite  top  where  they  divide  into  two  groups.  Four  ton 
downwanl  over  another  set  of  sheaves  and  attach  to  the  near  end  <* 
tlic  lift  s[)an,  and  four,  running  horizontally  to  the  top  (rf  the  hf 
tower,  are  there  deflected  downward,  and  attach  to  the  fer  end  of  ll> 
lift  sjian.  The  eight  down-haul  ropes,  in  similar  i 
ncctcd  to  the  to|)s  of  the  counterweights. 
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4  On  account  of  the  extreme  height  of  these  towers,  some  217  ft. 
from  the  water  to  their  tops,  it  was  considered  advisable  to  steady 
them  by  well-braced  lattice  girders,  running  from  top  to  top,  and 
these  latter  serve  as  a  support  for  the  idler  sheaves  placed  midway 
between  towers  to  guide  and  steady  the  horizontal  readbes  of  the 
operating  ropes. 

5  This  bridge  is  still  in  service  and  is  giving  satisfaction.  The 
only  material  change  in  its  operating  machinery  from  that  at  first 
installed,  was  the  substitution  some  years  later  of  electric  motors  for 
the  original  steam  engines.  It  is  of  interest  to  note  that  Dr.  Wadddi 
had  recommended  electric  motors  in  the  original  design  but  the  city 
had  not  accepted  them  on  the  ground  that  thiqr  weie  '' untried 
toys." 

6  It  was  not  until  1909  that  another  vertical-lift  bridge  was 
built.  The  firm  of  Waddell  &  Harrington  had  meantime  heen 
formed  and  a  new  impetus  was  given  to  this  type  d  structure.  Late 
in  1908  designs  were  begun  for  a  bridge  across  the  IhGasisBippi  on  the 
line  of  the  Iowa  Central  Railroad  near  Eeithsburg,  HL  It  was 
decided  to  m^ke  one  of  the  spans  a  lift  span,  and  in  tihe  design  several 
improvements  were  made  on  the  operating  mechanism  of  the  Halsfeed 
Street  bridge.  Chief  among  these  was  the  change  in  the  location  of. 
the  machinery  from  the  pit  below  the  tower  to  the  top  of  the  lift  span. 
The  advantages  in  this  were  several;  the  most  important  being 
that  it  shortened  materially  the  length  of  operating  ropes  and  re- 
duced to  a  minimum  the  compUcations  in  their  connection  and 
arrangement;  and  it  put  the  operator  ^  once  in  reach  of  his  ma- 
chinery and  in  view  of  the  river  and  approaching  trains. 

7  The  scheme  of  operation  —  that  used  on  nearly  all  succeeding 
lift  spans  —  is  as  follows :  The  motor,  in  this  case  a  gas  engine,  is  con- 
nected by  a  train  of  gears  to  four  spirally  grooved  operating  drums, 
two  over  each  top  chord.  Two  operating  ropes  are  fastened  by 
rope  clips  to  each  of  these  drums,  one  for  the  upward  movement  of 
the  span  and  the  other  for  the  downward,  and  are  so  wound  on  the 
grooves  of  the  drum  that  the  up-haul  rope  is  wound  on  while  the 
down-haul  rope  is  paid  off,  and  vice  versa.  An  up-haul  rope  runs 
from  each  drum  to  the  corresponding  comer  of  the  lift  span,  there 
over  a  double-grooved  deflector  sheave,  and  thence  to  the  top  of 
the  tower,  to  which  it  is  connected.  The  down-haul  rope  parallels 
the  up-haul  as  far  as  the  deflector  sheave,  and  there,  passing  down- 
ward over  the  other  groove  in  the  latter,  connects  to  the  tower  at 
a  point  in  convenient  reach  of  the  deck.    At  each  point  of  connection 
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to  the  tower,  suitable  means  of  adjustii^  the  tautness  of  the  rope 
is  provided;  in  this  case  an  ordinary  eyebolt  threaded  its  full  lengUL 
8  Rotation  of  the  drums  in  one  direction  winds  on  the  up-hud 
ropes,  causing  an  upward  force  at  the  deflector  sheaves  and  this, 
overcoming  the  friction  of  the  tower-sheave  journals  in  their  beu^ 
ings,  the  unbalanced  weight  of  suapeoded  ropes  and  the  inertia  of 
the  moving  parts,  lifts  the  span.  Similarly,  rotation  in  the  opponU 
direction  lowers  the  span.  All  four  of  the  operating  drums  m 
locked  together  by  the  connecting  gearing,  thus  insuring  the  Bjm- 
chroBOUS  rotation  of  the  tower  sheaves  and  keeping  the  span  at  ill 


Fia.  2    Portion  or  the  Operatwo  Macbinkbt,  Bbidoe  Na 
458,  Fennbtlvanu  Lines 
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cliunaMT. 

times  parallel  to  its  original  position.    The  general  scheme  of  opoi- 
tion  is  illustrated  by  Fig.  2. 

9  To  keep  the  span  in  proper  alignment  between  the  towen, 
vertical  tracks  are  provided  on  the  four  tower  legs  adjooent  to  it, 
and  on  these  tracks  bear  the  rollers  which  hold  the  span  both  in 
transverse  and  longitudinal  alignment.  On  account  of  temperktun 
changes  in  the  span  length  it  was  considered  oeceesaiy  to  iworide 
heavy  springs  to  act  upon  the  longitudinal  rollers,  Uiui  holdinf 
them  at  all  times  in  contact  with  their  tracks.  This  deoign  vsi 
later  found  to  be  somewhat  objectionable,  and  i 


in  some  later  bridg 
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10  The  Keith 
229  ft.  long,  or  100 
half  again  as  heav 
the  towKB,  the  an 
1892  considerable  ; 
ropes,  and  tiie  new 
of  steel  could  noi 
strength  of  theroi: 
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number  of  others, 
These  lock  automi 
once  seated,  but  a! 
entirely  seated  h} 
quite  pos^ble  eitht 
of  the  latter.  The 
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weighted  to  swing 
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12  To  save  m 
house  was  located 
pated  in  such  an  a: 
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found  that  the  set  of  ropes  leading  to  the  far  tower,  about  100  ft. 
longer  than  those  attaching  to  the  near  tower,  stretched  much  more 
than  the  latter;  and  this  condition  caused  the  near  end  of  the  span 
to  rise  before  the  far  end,  and  produced  a  halting,  uneven  movanent 
throughout  the  lift. 

13  Another  lift  span  was  almost  complete  when  this  conditioD 
was  discovered,  and  the  plans  were  immediately  changed  by  moring 
machinery  and  house  to  the  center  of  the  span. 

14  The  counterweights  of  the  Halsted  Street  bridge  had  been 
made  of  cast  iron,  but  considerable  money  has  been  saved  oa  the 
Keithsburg  bridge  and  on  all  later  bridges  by  making  them  of  con- 
crete. The  construction  usually  adopted  for  each  weight  conaflts 
of  two  vertical  steel  members,  one  at  each  end  of  the  weight,  con- 
nected at  the  bottom  by  one  or  more  laced  struts  and  ending  at  the 
top  in  the  equalizing  devices  to  which  the  suspending  ropes  are 
attached.  In  this  steel  framework  is  usually  cast  a  solid  block  of  con- 
crete, although  several  sets  of  weights  have  been  built  of  previouBh' 
cast  blocks  laid  up  in  tiers  on  a  big  concrete  beam  at  the  bottom. 

15  The  equalizing  devices  referred  to  above  consist  of  sets  of 
balance  bars,  each  set  attached  at  its  upper  end  to  the  rope  sockets 
and  terminating  at  the  bottom  in  a  single  pin  for  each  oouDte^ 
weight.  The  accepted  form  of  equalizer  in  Fig.  3  was  designed  to 
meet  a  condition  at  the  time  unprecedented,  i.e.,  16  2i-in.  ropes 
receiving  their  load  from  a  siAglc  pin.  On  the  Keithsburg  bridge 
and  on  several  succeeding  it,  the  equalizers  had  been  of  stnu^t 
horizontal  bars  and  vertical  links,  each  of  the  former  having  three 
pins  on  Une.  This  device  effects  a  very  material  saving  in  sps« 
over  the  preceding  form  and  also  has  the  advantage  of  being  much 
less  seriously  affected  should  one  of  the  ropes  break.  In  fact,  if  * 
side  of  one  of  the  top  bars  should  drop,  the  load  would  shift  latertBy 
and  readjust  itself  to  such  an  extent  that  the  remaining  15  ropev 
would  each  get  an  approximately  equal  share  of  the  load  originw 
supported  by  the  broken  one.  This  advantage  over  the  foiW 
type  is  readily  seen  when  it  is  realized  that  to  break  one  rope  of » 
pair  in  the  earlier  design  would  cause  the  other  to  receive  doubk 
its  original  load. 

16  The  third  important  bridge  to  be  built  was  acroan  the  WiD*" 
mette  River  at  Hawthorne  Avenue,  Portland,  Ore.  The  lift  spsD  » 
244  ft.  long  and  lifts  110  ft.  The  main  points  of  improvenwDt  0 
this  design  over  that  of  the  Keithsburg  bridge  are  that  die  marhingy 
is  on  the  center  of  the  span,  as  above  noted,  and  is  much  more  COB" 
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latter  telescoping  into  the  truss  posto  of  the  former  as  the  lifting 
deck  rises. 

19  The  live  load  coming  on  each  lifting-deck  h&nger  is  cuiied 
by  a  pin  into  two  saddle  diaphragms  in  the  upper  deck  tiuoa.  Hie 
dead  load  is  carried  into  a  pair  of  suspending  ropes  which,  paaang 
up  through  the  upper  deck  posts,  over  a  deflector  on  the  top  dud, 
along  the  chord  to  the  operating  sheaves,  and  then  downward  onr 
another  deflector,  terminate  in  a  counterweight.  There  m  11 
panel  points  for  each  truss,  and  each  point,  except  the  two  in  Uw 
center,  has  one  counterweight;  the  center  points  have  two  each, 
making  32  in  all.    There  are  two  operating  sheaves  at  each  end  of 


Fia.  4    Lower-Deck  Autouatii;  Cau  Lock,  WiLLAUvm  Rivbb  BanA 

OftEOON-WABHlNQTON  RAILROAD  AND  NaTIOATION  Co. 

the  bridge,  and  each  pair  ia  controlled  by  a  tootor  and  gear  tnia 
near  it.  All  suspending  ropes  pass  over  the  four  opaating  sheave* 
and  motion  is  transmitted  to  the  liftii^  deck  by  virtue  of  the  b** 
tion  between  the  former  and  the  latter.  The  two  sets  <rf  machintfTi 
one  at  each  end,  are  made  to  act  together  by  oieana  of  tm  ^ 
drives,  one  acting  when  the  span  is  lifting,  the  otha*  wbea  A  ■ 
lowered, 

20  Each  intermediate  panel  point  of  the  lower  deck  is  feeked  do** 
by  a  cam  lock  similar  to  the  one  later  installed  on  the  bridge  of  v* 
Oregon-Washington  Railroad  and  Navigation  Co.  oiver  the  WD*" 
raette  River  at  Portland  and  shown  in  Fig.  4.    Tiaa  it  a  furll* 
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is  realized  that  the  highway  traffic  on  the  upper  deck  is  not  intv- 
rupted  for  ordinary  river  traffic,  aa  the  upper  deck  must  Eft  for 
tugh-maated  ve&eelfi  only.  There  are  five  or  six  full  operatiooa  iiHj 
and  ten  times  that  number  of  lower-deck  lifts. 

23  The  tai^  tower  sheaves  of  this  bridge  are  the  first  of  thii 
size  and  type.  They  are  14  ft.  in  pitch  diameter,  carry  sixtMn  21-iiL 
ropes,  and  are  made  of  cast-steel  rim  s^ments  bolted  on  to  a  eents 
of  roUed>steel  plates  and  a  cast-steel  hub.  The  sheaves  are  detiiU 
in  Fig.  5.  An  unusual  requirement  in  the  design  of  the  ■faean 
bearings  was  that  they  should  provide  for  replacement  of  the  pb» 
phor-bronze  bushings.     This  was  considered  necessary  beouue  <i 


Fia.  6    Two  12-iT.  Casp-Stmii.  8 
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the  heavy  river  traffic  at  this  point  and  the  necessarily  large  u 
of  operations  required.  The  load  on  each  sheave  shaft  is  1,768,0001b. 
and  the  space  for  lifting  mechanism  limited.  Fig.  S  shows  hov  thti 
requirement  was  met  by  a  ^stem  of  wedges;  the  projeetioiis  m 
the  ends  of  each  sheave  shaft  are  for  the  purpose  of  rostiiig  in  a  itMl 
saddle  casting  of  the  wedging  devices. 

24  After  the  span  had  been  placed  in  operation  a  imther  ssriooi 
difficulty  was  observed  with  these  sheaves.  It  wh  notieed  tlMt 
when  they  turned,  nuts  and  broken  bolt  ends  began  to  fall,  and  it 
was  found  that  they  were  coming  from  the  flange  oanneetims  of  ths 
steel  rims  to  the  angle  of  the  supporting  steel  oenttn.  Canful  ■• 
vestigation  developed  that  the  inner  circumfennoB  of  the  amtatilA 
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rim  castings  was  slightly  longer  than  the  outer  drcumf erenoe  Yxf  the 
steel  disks  on  which  they  were  designed  to  bear.  Because  of  this 
fact  the  ropes  forced  the  error  to  accumulate  at  the  botUun  €i  each 
sheave,  separating  appreciably  the  rims  from  the  diaks  and  breakiDg 
the  connecting  bolts.  This  discrepancy  had  not  been  detected  untQ 
the  sheaves  received  their  load.  On  later  designs  in  which  this  type 
of  sheaves  has  been  used,  no  reliance  has  been  placed  cm  the  bearing 
of  these  castings  on  the  steel  disks,  but  the  former  have  been  made 
to  project  down  between  the  latter  and  are  securely  riveted  to  them 
by  horizontal  rivets  sufficient  in  number  to  carry  llie  loads  in  shear. 

25  The  reason  for  making  these  large  sheaves  d  buQt^up  plates 
and  castings  is  because  of  the  difficulty  d  getting  single  sted  cast- 
ings of  adequate  size.  When  the  Hawthorne  Avemie  bridge  sheaves 
were  made,  and  they  are  only  9  ft.  in  pitch  diameter,  the  shop  got  a 
satisfactory  set  of  eight  castings  only  after  having  six  rejected 
because  of  serious  flaws.  This  was  in  1910.  That  considerable 
improvement  had  been  made  in  three  years  in  the  processes  used  in 
making  large  steel  castings  is  attested  to  by  the  fact  that  in  1913 
four  sheaves  12  ft.  in  pitch  diameter,  and  wei{^iing  7|  tons  each, 
were  built  without  any  failures  in  casting.  These  are  the  sheaves 
of  the  Missouri  Biver  bridge  at  Mondak,  Montana,  illustrated  in 
Fig.  6. 

26  Another  trouble  with  some  built-up  tower  sheaves  occurred 
in  connection  with  those  for  the  three  bridges  of  the  Pennsylvania  lines 
in  Chicago.  These  bridges  were  all  put  into  service  in  tJie  winter  of 
1913  and  the  summer  of  1914.  The  sheaves  on  all  of  than  are 
15  ft.  in  pitch  diameter,  and  the  difficulty  referred  to  resulted  from 
faulty  shopwork  in  fitting  the  steel  disk  plates  to  the  cast-steel  hubs. 
One  of  the  spans  had  been  put  into  service  before  the  trouble  was 
discovered  and  had  to  be  repaired  between  operations.  The  first 
manifestation  of  anything  wrong  was  the  loosening  and  breaking 
of  rivets  between  the  flanges  of  hub  castings  and  the  disk  plates. 
Examination  showed  that  the  holes  for  the  hub  castings  were  too 
large  and  that  there  was  a  creeping  going  on  between  the  disks  and 
the  hub.  This  was  corrected  by  drilling  holes  into  hubs  and  disks 
where  they  come  together  and  driving  in  sUghtly  tapered  tool-steel 
pins.    The  scheme  will  b^  evident  upon  examination  of  Figs.  7  and  8. 

27  A  bridge  illustrating  the  most  recent  arrangement  of -oper- 
ating machinery  is  that  designed  for  the  Vladicaucase  Railway  for 
a  crossing  of  the  Don  River  near  Rostoff,  Russia.  By  reference  to 
Fig.  9  it  will  be  noted  that  the  drums  are  close  together  instead  of 
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being  at  the  opposite  ends  of  the  main  drive  as  is  the  case  with  the 
Pennsylvania  bridge  illustrated  in  Fig.  2.  The  advantage  in  this 
arrangement  is  one  of  economy.  It  will  be  noted  that  a  large  pti 
reduction  is  made  at  the  drums  and  that  there  is  only  one  line  of 
shafting  across  the  bridge  instead  of  two.     With  the  reduction  used, 


Fia.  7    Repairs  to  Hubs  op  Built-up  Shbatxb  for  Pcnnstltuu 
LiNioa  Bbidoes  in  Cbicaoo 

It  will  b*  noted  Ihat  ths  huh  cuting  pralaota  outmrd  fran  tiM  !■«  nt  tlw  diA  plaM.  Bltii 
»m»Ty  ibt  (uiding  arrBiiRenisnti  in  Fig.  S. 


Fia.  8    Cast  Trupi.bt  akd  Air  Drii.i^  PEinnTLVANiA  Idma 
Bhidoks,  Chicaqo 

TlAboli-s  for  the  hub  i-iL»t>i>«  mm  (uun.l  M  l«  lou  Iukc.     ThbdeltctwMciamrtodbrdAM 

this  shaft  is  considerably  smaller  thna  one  of  the  two  raquind  >■■ 
former  layouts.  The  geiir  frame  is  also  much  smaller.  It  will  I* 
noted  that  auxiliary  power  is  furnished  by  a  small  gas  engiiie  opo^ 
ating  through  a  gear  reducer. 

28    One  of  the  heaviest  bridges  bo  far  demgned  is  that  onr 
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falsework  had  to  be  carried  entirely  on  the  piers  and  Bpmd  oat 
from  each  of  the  latter  in  a  fan  shape  upward  to  the  panel  pointe  of 
the  trusses,  as  represented  in  Fig.  10.  There  were  no  conneetiDg 
struts  between  the  two  sets  of  falsework  and  the  upper  end  (A  the 
leaning  members  of  each  set  had  therefore  to  be  tied  back  to  the 
towers  with  steel  bars  and  plates. 

29  To  erect  the  span  with  120  ft.  vertical  clearance  wouU 
have  meant  that  these  top  chords  of  the  falsework  must  in'eadi 
case  be  attached  to  the  tower  legs  halfway  between  two  of  the  hori- 
zontal struts  of  the  bracing,  and  as  this  was  not  conndoed  adviBable 


Fia.  10    Lift  Sfu4,  Erected  Position,  Bbdmii  No.  468,  Pvni- 
BTLTANU  Limbs 

Th*  falwirMk  I*  suiisd  entinly  on  tba  pian  aod  ipnHl  out  fr^  nA  of  Ite  Umc  b  ■  l" 
•bifw  upwud  to  th*  puMi  iKAau  of  (h«  tnnBti. 

because  of  the  resulting  bending  io  the  tower  I^b,  it  waa  neoeavT 
to  erect  the  span  high  enough  to  allow  these  chorda  to  come  Id  liM 
with  the  next  higher  struts.  This  placed  it  at  130  ft.  clemiM 
instead  of  the  120  ft.  required.  All  connections  were  made  in  bolM 
from  which  the  rivets  had  for  the  time  being  been  omitted. 

30  On  account  of  the  shape  of  the  falsework  the  erectin  o' 
this  span  upon  it  would  have  developed  an  uplift  in  the  shoei  <' 
the  far  tower  l^s  too  great  to  be  safely  carried  by  the  aochor  boH^ 
and  it  was  therefore  decided  to  build  the  concrete  oountemi^ 
in  such  a  way  that  their  weight  would  be  carried  into  these  riM<- 
This  was  done  (see  Fig.  11)  by  supporting  the  800  tone  of  o 


at  each  towe 
Bbnita  bearinj 
columns  just 
31  Then 
the  derricks 
practice  coDi 
them  are  the 
which  weigh 


tower  weigh 
built.  They 
2|-ia.  plow-3i 
32  Thes 
shown  in  Fig 
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ously.  Only  enough  falsework  to  carry  the  end  panel  of  the  spu 
was  first  aet  from  the  towers,  and  after  the  erectioD  of  these  paods  the 
derricks  were  moved  from  the  towers  to  their  first  positions  oo  tbt 
span,  directly  above  the  two  sway  frames  nearest  the  ends.  FVoo 
here  more  falsework  and  more  steel  was  erected  and  the  denieb 
were  again  moved  out.  In  Fig.  10  they  are  shown  in  their  third  and 
last  positions  as  they  stood  to  place  the  steel  of  the  four  center  puds. 


l''iu.  12    BRHtoe  No.  458,  PENiraTLVAKiA  Lines,  Arm  Rxmotal  or 
Falsework 

The  old  Bwlng  opab  wu  kept  In  eervice  until  the  upppr  itniDtuiv  m*  onapWtcd. 

To  regulate  the  temporary  camber  to  suit  the  erection  of  the  M 
pieces  of  top  rhord,  four  hydraulic  jacks  were  set  beneath  the  boUoo 
chord,  immediately  above  the  ends  of  tlie  last  four  memben  (tf  the 
falsework.  Because  of  the  eccentric  loading  on  the  toweiB  Um 
was  bound  to  be  some  deflection  of  each  tower  toward  the  rinr, 
but  calculations  and  measurements  had  been  so  carefully  made  thai 
the  two  center  pieces  of  bottom  chord,  73  ft.  6  in,  in  kogtb  ud 


that 
Tog 
jackE 

and 

parti 
300f 
great 


by  the 

abov 
cong: 


1600 
year, 
tug, 
only 
at  th 
thisi 
lowei 
the  1 
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accomplish  this  end.    The  span  is  operated  by  two  300-hp.  eeiia 
motors  drawing  their  power  froni  a  120-cell  storage  battery. 

35  The  electrical  indicator  and  limit  switch  in  Fig.  13  is  connected 
to  the  drive  by  worm-gear  reduction,  indicates  by  lights  in  the  opeiv 
tor's  house  several  points  in  the  height  traveled  by  the  span,  and  cub 
the  controller  circuit  near  each  limit  of  travel,  thereby  breaking  the 


main  circuit,  stopping  the  motors,  and  applying  the  solenoid  bnkai. 
Details  of  the  equalizer  and  counterwmght  are  shown  in  Fig.  14. 
Waddell  &  Harrington  were  the  designers,  represented  in  the  Sdd 
by  the  writer,  and  the  Pennsylvania  Steel  Company  were  the  oOll> 
tractors  for  fabrication  and  erection  of  supeistructure. 


J.  A.  L.  Waddb 
has  proved  of  speci 
be  the  father  of  tl 
made  in  1892,  was 
canal  which  forms 
vessels  in  that  v: 
building  of  the  stru 
the  constructioD  of 

Soon  after  the 
the  writer  was  reta 
a  similar  but  shorti 
the  first  bridge  me 
under  great  difficul 
Chicago  engineers 
and  the  then  higt 
George  S.  Morison, 
and  that  it  would 
On  the  strength  of 
airaDgements  for  ca 
some  of  the  substn 
the  metal  work  had 
pleading  by  the  wrii 
and  the  said  pleadi] 
for  an  importaat  f 
would  have  had  ti 
whether  it  were  bui 

The  specificatio 
height  (involving  a 
surprise  of  every  bo 
half  of  that  time, 
up  and  down,  and 
full  height  in  28  sec 
paratively  young  ( 
body,  including  the 

Referring  to  th( 
tions,  the  heavy-di 

'  Of  Waddell  &  So 
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ponderous,  and  condueii 
It  is  quite  certain  that  t 
mobile  or  tractor  engin* 
lift  bridges. 

In  truth,  though,  gaa 
only  as  a  last  resort  or  a 
far  superior  in  every  n 
much  more  satisfactory 
sequently,  they  should  I 
supply  of  power  is  obtain 

Mr.  Van  Cleve  menti 
any  vertical-lift  bridge  w 
sylvania  Lines  West  of 
31  tons.  Within  the  las 
the  same  railway  compan; 
&  Son,  Inc.,  across  the 
idjacent  to  the  Ohio  Rivi 
"or  this  structure  weigh  3 

As  this  is  the  very  li 
"oUowing  description  of  tl 

The  double-track  spai 
?nd  bearings,  weighs  ab< 
15  sec.  There  are  64  coi 
ng  over  the  four  15-ft.  si 
_50-hp.,  220-volt,  alterni 
iquipped  with  solenoid  1 
eduction  from  the  motoi 
rain  of  three  sets  of  spu 
■ach  end  meshing  with  tv 

The  span  is  shown  cc 
vhich  raise  or  lower  the  i 
5on  River  bridge  in  Rus* 
la.s  been  improved  by  ad 
living  more  rigid  suppor 
■f  fihaft  between  the  cenl 
lexible.  This  detail  elin: 
he  alignment  of  the  th: 
onfiidorable  friction  and  I 
or  by  two  4-arm  capstan: 

There  are  16  plow-ste 
he  drums  and  i^heaves  ov 
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These  ropes  work  in  pairs,  i.e.,  there  are  two  up-haul  and  two  down- 
haul  ropes  at  each  comer  of  the  span.  The  take-up  devices  for  the 
ropes  are  eyebolts  threaded  over  the  entire  length,  with  anchonge 
attachments  at  top  and  bottom  of  towers. 

The  counterweight  sheaves,  the  heaviest  yet  built,  are  constnictod 
of  steel  plates,  angles  and  castings.  In  their  designing  special  cue 
was  taken  to  eliminate  the  troubles  which  had  arisen  in  conneetioD 
with  the  built-up  sheaves  described  in  Mr.  Van  Cleve's  paper. 
Each  rim  segment  is  fastened  to  the  side  plates  by  a  sufficient  num- 
ber of  rivets  to  take  the  entire  load  coining  upon  it  from  the  ropeB; 
and  }-in.  spaces  were  left  between  the  segments  so  that  there  mi|^t 
be  no  trouble  if  the  lengths  of  the  segments  should  overrun.  It  wis 
originally  intended  to  fill  these  spaces  with  hemp;  but  the  cutting 
tools  gave  trouble  when  the  machining  of  the  grooves  was  begun; 
and  it  was  found  necessary  to  fill  them  with  babbitt.  The  trouble 
previously  experienced  from  bad  fit  of  side  plates  on  the  hub  casting 
was  eUminated  by  making  the  said  side  plates  bear  directly  on  the 
shaft  instead  of  on  the  hub  casting.  The  hole  for  the  shaft  was 
bored  out  after  the  sheave  was  completely  assembled  and  rivetei 
The  journals  are  22^  in.  in  diameter  and  24  in.  long,  the  ovoall 
length  of  the  shaft  being  7  ft.  8  in.  The  hub  is  kejred  to  the  shtft 
by  three  keys  1^  in.  wide  and  1  in.  deep,  secured  from  longitudinal 
movement  by  set  screws.  The  bearings  are  lined  with  phoaphcv^ 
bronze  bushings  for  high  pressure  and  low  speed.  QQ  grooves  are 
cut  into  the  bushings,  the  lubricant  being  supplied  from  iiiariiie4yp^ 
screw-feed,  compression  grease  cups. 

The  rail  locks  are  of  sliding-tongue  type,  standard  with  the 
Pennsylvania  Lines.  The  four  tongues  at  each  end  of  the  span  are 
driven  by  a  5-hp.  motor.  Limit  switches  are  provided  to  cut  off 
the  current  at  each  end  of  the  travel.  The  controllers  for  the  nil- 
lock  motors  are  interlocked  with  the  signal  system  so  that  the 
locks  cannot  be  opened  until  the  signals  are  set  against  train  wff^ 
ments  over  the  bridge,  and  so  that  clear  signals  for  train  operation 
cannot  be  given  until  the  locks  are  closed.  The  controllers  are  abo 
interlocked  with  those  for  the  main  operating  motors  so  that  eurreot 
cannot  be  supplied  to  the  latter  until  the  locks  have  been  opsPO^It 
and  so  that  the  locks  cannot  be  closed  until  the  bridBB  has  been 
seated. 

The  span  is  kept  in  correct  position  during  motion  by  S^ 
rollers,  which  roll  on  vertical  guides  on  the  outrides  of  the  tovor 
columns.    There  are  eight  rollers  for  transverse  guiding  one  *^ 


each  Lo  point  and  one 
effected  by  two  rollera 
There  is  considerable 
possibility  of  binding, 
the  span  closely  enouj 
play.  For  this  reason 
having  very  little  plaj 
earUer  designs  a  tnuis\ 
point;  but  considerab 
provide  for  expansion  i 
span  accurately  enougl 

The  train  thrust  is 
Lt  point  at  the  fixed  ei 

In  order  to  elimina' 
air  buffers  near  each  ei 
needle  valves  on  the  e 
ance  of  the  said  buffer 

Bridge  locks  were  : 
about  six  tons  lighter 
overcoming  any  tendei 

The  span  can  be  1 
located  at  the  center 
shore  about  100  ft.  frc 
to  operate  the  span  fi 
become  thoroughly  fai 
will  be  operated  from 
boards,  with  indicator 
The  main  switchboard 
chinery  house. 

As  was  stated  prei 
Doid  brake.  In  addit 
by  band  and  the  other 
the  machinery  house  o 
braking  power,  so  tha 
The  controller  of  the  n 
of  braking  power,  is 
braking  devices  are  no 
like  this  one;  but  for 
eral  feet  after  the  curi 
important. 

The  erection  of  the 
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be  maintained  over  the  bridge  and  as  navigation  could  not  be 
interfered  with.  The  old  moving  span  was  a  swing.  It  was  at 
first  proposed  to  erect  the  new  span  in  its  fully  lifted  position.  As 
the  counterweights  would  then  have  to  be  built  at  the  lowest  point 
of  their  travel,  it  would  have  been  necessary  to  leave  large  notchtf 
in  them  for  the  passage  of  trains.  This  scheme  was  abandoned  for 
that  and  other  reasons,  and  a  new  one  was  worked  out.  PermuBon 
was  secured  from  the  United  States  Government  to  leave  only  i 
100-ft.  channel  near  the  north  tower.  This  channel  was  spanned 
by  a  plate-girder  lift  span  of  the  same  type  as  the  main  span,  wwiced 
by  hand-operated  crabs.  After  the  main-lift-span  towers  were  partly 
erected,  navigation  was  stopped  for  a  few  hours  while  one  end  of  the 
swing  span  was  removed,  the  gallows  frames  for  the  plate-giIde^ 
span  towers  were  erected,  and  the  plate-girder  span  placed  in  poo* 
tion.  The  remainder  of  the  swing  span  was  then  removed,  the 
.towers  erected,  the  sheaves  and  ropes  placed  thereon,  and  the  eoon- 
terweights  constructed  on  falsework  resting  on  the  piers  and  floor 
beams.  The  south  portion  of  the  lift  span  was  then  erected,  abo 
the  north  hangers;  and  the  counterweight  ropes  ware  attached. 
The  machinery  was  erected  complete  and  thoroughly  tested  oat. 
Navigation  was  then  closed  for  a  day,  the  plate-girder  span  removec^ 
the  remainder  of  the  lift  span  erected  and  riveted,  and  the  opomtioC 
ropes  connected  up. 

Special  care  was  taken  in  the  aligning  of  the  main-sheave 
ings.  This  was  done  by  means  of  a  steel  straight-edge  as  long 
the  shaft.  The  bushings  had  been  scraped  to  fit  the  shafts  in 
shop,  the  shafts  and  bushings  being  matchmarked.  The  alignic^^ 
was  so  carefully  done  that  when  the  sheaves  were  hoisted  up 
fitted  perfectly  in  the  bearings,  and  each  38-ton  sheave  could 
rotated  by  one  man.  The  machinery  and  motors  were  abo 
and  tested  out  very  carefully.  The  motors  were  run  for 
hours  before  the  operating  ropes  were  attached  to  the  dnuna,  L  - 
order  to  get  the  machinery  into  smooth-running  condition  and  U-  - 
determine  if  there  were  any  poorly  aligned  bearinga.  Any 
bearings  which  developed  wore  realigned.  The  machinery  and 
electrical  equipment  were  in  perfect  operating  condition  befcHe 
operating  ropes  were  attached  to  the  drums  and  before  the 
girder  swing  span  was  removed. 

Waddcll  k  Son,  Inc.,  have  lately  designed  deflection  bearings  A 
main  sheaves  which  insure  a  uniform  pressure  over  the  entire 
of  the  journal.    With  the  high  bearing  pressure  used  in  the 


of  journals  for  Uft-brid 
extremely  advisable.  T 
pliGes  the  problem  of  ali| 

One  general  fault  of 
may  be  pointed  out  —  I 
overload  capacity  of  th 
into  play  if  a  8pan  bec' 
operating  against  a  higi 
ample  capacity.  This  [ 
direct-current  motors,  a£ 
merely  cause  the  motors 
motors  the  drop  in  volt 
the  torque  of  such  a  mot 
instance,  a  10  per  cent  ( 
drop  in  torque.  This 
power  lines  are  long. 

In  spite  of  all  the  op] 
able  bridge  has  encounb 
of  it  being  very  bitter  ai 
come  to  stay;  and  it  wil 
railroad  and  city  official 
of  wire  rope  and  learn  tl 
design,  quickness  of  opei 
maintenance  and  repair 
evolved. 

L.  S.  Randolph  (wt 
the  paper  comes  in  the 
question  which  arises  iii 
What  is  the  economic  i 
compare  with  the  rolling- 

Of  the  three  types  of 
revolving  about  a  centra 
cross-section  of  the  watei 
the  river  cannot  necessa 
lift  bridge  hniits  neither 
fairway.     The  vertical-lif 

While  it  may  be  anf 
should  develop  to  such 
height  of  120  ft.,  such  re! 

It  would  add  the  final 
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uniform  pitch  or  lay  into  what  is  technically  known  as  a  strand.  A 
number  of  strands,  usually  six,  when  twisted  together  around  a  hemp 
or  wire  center  form  a  wire  rope. 

3  The  object  of  twisting  the  wires  into  strands  and  strands  into 
rope  is  twofold:  first,  to  bind  the  wires  compactly  together,  and 
second,  to  increase  the  flexibiUty  of  the  wire  rope. 

4  Another  factor  of  great  importance  in  rope  construction  is 
that  both  the  wires  composing  the  strands  and  the  strands  composing 
the  rope  shall  be  twisted  and  laid  up  so  that  there  is  no  torsion  in 
either  the  wires  or  strands.  This  lack  of  torsion  is  provided  for  bjr 
suitably  designed  machinery,  so  we  may  consider  this  as  an  sccom- 
plished  fact  in  modem  rope  manufacture.  Unless  this  were  done, 
wire  ropes  would  be  twisty,  kinky,  and  exceedingly  difficult  to  handle, 
if  indeed  they  could  be  used  at  all  in  many  places. 

5  These  factors  are  mentioned  at  this  time  so  as  to  make  per* 
fectly  clear  the  main  fundamental  principles  upon  which  wire  ropes 
are  constructed  so  that  a  better  imderstanding  may  be  had  of  the 
action  of  the  stresses  to  which  wire  ropes  may  be  subjected  in  various 
classes  of  service. 

6  The  consideration  of  twisting  into  strands  and  ropes  brings  us 
to  a  consideration  of  the  strength  of  strands  and  ropes  and  how  these 
may  be  determined. 

7  While  stranding  increases  flexibility;  it  is  not  accomplished 
without  some  loss  in  strength  due  to  twisting,  ^diich  will  be  explained 
later.  It  is  obvious  for  comparative  purposes  that  the  strength  of  a 
straight  wire  may  be  taken  as  unity  or  100  per  cent.  Strands  are 
usually  made  of  7,  19,  37,  61,  etc.,  wires  and  ropes  of  six  strands 
(occasionally  eight).  When  a  number  of  wires  are  twisted  together 
around  a  central  wire,  they  make  an  angle  with  the  central  wire  or 
axis.  The  shorter  the  twist  the  greater  the  flexibility,  but  at  the  same 
time  the  strength  is  decreased  proportionately.  This  will  be  uwto^ 
stood  from  Fig.  1. 

8  A  wire  with  a  strength  S  in  a  strand  will  have  a  component 
strength  T  along  the  axis  of  the  strand,  or 

r  =  iScos^ 
where 

6  =  angle  of  helix  of  wire  in  the  strand. 

Also,  if 

Dp  =  pitch  diameter  of  strand 
n  =  lay  divided  by  pitch  diameter  of  wires 


d  =  diameter  of  wir 

c  =  coDstsDt  by  wl 

pitch  diamet 

Pitch  circu] 

9  In  the  case  of  a 
traight,  the  total  streng 

W.  =  S 

10  If  e,,  Ot,  et,  etc.,  i 

iyers  of  wires  in  a  aym 
8,  24,  etc.,  wires, 

tr.  =  S  +  6cOBfl  +  l 
=  S(H-6co8#- 


FiG.  1    To  Illustrate  Relation  of  Strenoth  to  Twist  or  Stramdb 

11  If  the  angles  8,  fli,  6t,  etc.,  are  equal  the  equation  becomes 

TF  =  s[l  +  (Ar-l)cosfl] [4] 

vhere  N  =  number  of  wires  in  strand. 

12  Similarly  in  a  rope: 

Let  Wh  =  strength  of  rope  with  hemp  center 

Y  =  angle  of  strands  in  rope  (assuming  1  l&yer  of  strands 

such  as  6  or  8} 
A'l  =  number  of  strands  in  rope. 
'he  strand  strength  W,  must  be  applied  in  just  the  same  manner  as 
>efore,  and 

Wr  =  W.  Ni  cos  Y 

=  SiV,cosy[l  +  (iV_l)cos01 [$] 

'  all  wires  are  twisted  with  equal  angles. 
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Let   W  =  load  to  be  lifted 

w  =  weight  of  rope  per  foot 
I  =  leogtb  of  rope  suspended  vertically 
L  =  total  load  or  tension. 

Then 

L  =  W  +  wl. 

INCLINES 

20    For  an  inclined  lift  the  Formula  [1]  will  be  modified  m 
as  follows  (see  Fig.  2) : 

Let     X  =  angle  of  incline 

P  =  pull  due  to  load  W  +  id 

F  =  friction  factor,  which  is  a  function  of  {W+  v)t)aaitiit 

angle  of  the  incline  X 
P  =  {W  +  wl)F  sin  X. 


Afi^ls  of  Inetitw ,  Dag. 

Fia.  3    Load  Factobs  fob  DirnisENT  Dkorku  on  Imcunbd  PubH 

21  The  friction  F  of  the  cars  on  the  incline  opentea  aonntl  f 
the  Ene  <i6  and  is  therefore  a  function  of  cos  X.  The  maximum  nt* 
is  when  cos  X  =  1  or  on  a  level  track  and  the  minimum  for  coi  X  *  <> 
when  X  =  90  deg.  Starting  friction  being  the  greatert,  tbii  ilii* 
need  be  considered.    Assuming  a  value  of  2  per  cent, 

^^(tr  +  toQcoaX If) 


50 


Therefore 


P  =  (W  +  wl)  (sin  X  +  5^). 


Values  for  the  load  factoi 
90  deg.  are  pven  in  Fig.  3 

UOVINa  TENSIOIT- 

22  In  the  case  of  very 
straight  portion  will  be  eqi 
vertical  hoist  or,  on  an  incl 
but  there  are  many  cases 
heavy  stresses  of  accelen 
safety  under  static  load  ii 
starts.  The  value  of  the  s 
thus: 

Let     T  =  time  of  ace( 

W  =  weight  to  b 

w  =  weight  of  « 

Er  =  modulus  of 

a  =  acceleratioD 

S  =  space  in  wh 

V  =  velocity  of  1 

K  =  kinetic  ener 

k  =  kinetic  ener 

K,= 

where  C  is  a  constant  by 

energy,  and  a.  factor  rep: 

Therefore, 

K, 


Also 
and  if 


a'P 


23  Table  1  shows  the 
static  safety  factor.  An 
corresponding  to  lifting  a  1 
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results  as  the  Reuleaux  formula,  to  which  reference  has  jiut  been 
made.    This  formula  is : 

k ^— (Ul 


Fin,  4    Test  No.  3;  }-ik.  —  6x7Rofk;  Ultiiutb  drBKNora 31,000  I.B.;  Ahka 
OP  Wires  =  0.213  aa.  m.;  Modulus  of  EiAancrrr  —  11,022,835  lb. 


Fio.  5    Test  No.  4;  j-D*.  — 6x7  Rora;  Ultdutk 
Area  or  Wires  ••  0.213  SQ.  in.;  Modulus 

in  which      k  =  bending  stress,  lb. 

E  =  modulus  of  elasticity  of  steel,  taken  at  28,000,000 
a  "  area  of  all  wires  in  the  rope,  sq.  in. 
R  —  radius  of  bend,  in. 
d  ^  diameter  of  wire,  in. 
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The  values  for  bending  stress  are  thus  about  three  per  cent  len  thu 
by  the  Heuleaux  formula. 

29  All  of  the  preceding  fonnuUe  by  Reuleaux,  Bankine,  Cnwin 
and  Hewitt  give  values  much  larger  than  the  actual  values  becwae 
the  most  vital  and  important  factor  of  the  entire  problem  baa  been 


Fia.  8    Test  No.  7:  ]>im.  —  6  x  37  Ropb;  Uutdcati  SnuiorB  -  88,140  lb.; 
Arba  or  Wires  —  0.204  sq.  in.;  Modvlus  op  Bijurncm  —  9,803,831  lb. 


Applied  u«acl,ThinwaTid*erf  Rnind* 

Fio.  0  TssT  No.  8:  1-in.  —  6  s  37  Ropk;  Uumun  Snaifon  -  87,570  ta.; 
Arka  op  Wibcb  -  0.204  bq.  in.;  Modulus  op  Eumorr  -  10,604,800  ta. 

neglected.  Wire  ropes  are  manufactured  not  from  abvight  wuvt  boi 
from  Iwi^ed  wires.  The  values  obtained  by  the  Reulaauz  Ukd  Othar 
similar  formulte  are  correct,  therefore,  only  for  ropes  oompoMd  of 
straight  wires.  That  being  the  case,  they  are  decidocQr  inoorreet  u 
applied  to  modem  rope  which  is  made  of  twisted  wires.  When  thsM 
formulffi  were  developed  there  were  no  experimental  d»te  HvaQable 


todieckti 
fonnubeb 


ropes  for  I 
the  -mta. 
aa  has  aln 
30  N< 
elasticity  < 
foTm  wire 


than  that 
are  shown 
6  X  37  and 

ttimilur  jop 

of  six-6trar 
what  lowei 
that  readii 
owing  to  tl 
under  hea^ 
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be  taken  between  the  points  where  the  stresa-stram  diagram  ii 
approximately  a  straight  hne. 

31  Herein  lies  the  crux  of  the  whole  problem;  having  detv- 
mined  the  true  value  of  the  modulus  of  elasticity  of  a  wire  rope,  we 
may  now  proceed  to  the  determination  of  the  bending  stress  in  a  wire 
rope.     Considering  the  Beuleaux  formula,  S  =  Ed/D,  if^we  replue 


Via.  1 1     I'est  No.  6:  1-in.  —  8  x  10  IIope;  Ultuiate  Stbbnotb  =  34^  u.; 
Area  of  Wirks  =  0.2081  sg.  in.;  Modulus  of  ELABncnr  —  6,750,700  U. 

H,  the  modulus  of  elastjcity  of  a  solid  bar,  with  Eg,  the  modulus  of 
elasticity  of  the  rope  as  a  whole,  the  formula  becomes 

S-Bsg IB) 

whii-h  in  the  true  ben  ding-stress  formula  for  a  vrire  rope. 

32  It  should  be  specially  noted  that  the  value  of  S  obtainad  ii 
the  ^\  rcfls  per  square  inch  of  the  greatest  strained  fiber,  sinoe  it  ii  tl* 
HiTesa  in  the  greatest  strained  fiber  that  determines  the  effect  of  tha 
bending,  just,  as  it  docs  in  a  beam  under  load. 

33  If  we  take  the  value  of  S  and  multiply  it  by  the  ana  of  tkt 


wires  in  the  rope,  V 
interpretatioti  of  i 
bending  stress  thu 
tension  on  the  rop 
6  X  19  rope  on  a  3( 
same  stress  as  if  it 
value  stress  in  lite 
the  stress  in  the  gi 
rope.  Values  of  b 
ent  sizes  of  sheave 
34  Others  ha^ 
but  the  results  obi 
negligible.  Here, 
has  been  eonfuaed  t 
beTidiTig  —  two  en 
obtained  by  this  1e 
around  a  sheave  ai 
tion.  The  result  i 
to  pasBing  rope  an 


Fia.  12    Me 

35  Eiperimec 
ends  of  which  wen 
rope  passed  aroun 
machine  of  64,000 1 
ib.  A  piece  from 
a  breaking  strengt 
In  the  case  of  the 
in  everj-  case  at  or 
that  there  is  a  loss 
of  small  diameter, 
series  of  tests  of  r 
3  in.  to  I  in.  in  dii 
to  determine  the  b 
drums  about  28  ii 
machine  and  the  t 
four  times  and  the 

In  every  case  t 
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bend.  The  same  ropes  with  sockets  attached  showed  higher  strength 
but  the  difference  was  not  as  great  as  in  the  case  of  the  f-in.  rope 
tested  over  6-in.  sheaves.  Such  experiments  as  these,  however,  do 
not  give  the  value  of  the  bending  stress ;  they  show  the  loss  of  streogtli 
due  to  bending. 

36  Calculations  may  be  made  which  show  that  over  very  onaD 
sheaves  the  bending  stress  by  formula  S  =  Eb4/D  gives  a  vihe 
greater  than  the  strength  per  square  inch  of  the  material  used  id 
making  wire  rope.  This  shows  that  the  elastic  limit  of  the  fibers  of 
the  steel  has  been  exceeded  and  the  rope  has  taken  a  permanent  set. 

37  It  will  be  found  convenient  sometimes  when  experimental 
data  are  not  available  to  have  a  method  at  hand  for  calculatiog  the 
modulus  of  elasticity  of  a  wire  rope,  since  if  that  is  known  the  bendiog 
stress  may  be  determined  for  any  construction  by  substitutions  in 
Formula  [12]. 

38  The  writer  in  1904  developed  the  formulse  given  below  far 
determining  the  modulus  of  elasticity  of  both  strands  and  rope,  which 
checks  up  with  values  obtained  from  a  large  number  of  experiments. 

39  Considering  first  a  strand,  let  E,  be  the  modulus  of  elasticity 
of  a  strand.    Then  E,  may  be  considered  as  a  function  of  £,  or 

E.=^fE 

40  Considering  the  first  concentric  strands  composed  of  sueees- 
sive  layers  of  strands,  the  modulus  of  elasticity  may  be  determined 
by  considering  each  layer  of  wires  separately. 

Let    n  =  number  of  wires  twisted  together  in  one  layer 

nd  ^  approximate  circumference  of  pitch  circle  if  the  wires 
are  laid  straight  (n  should  be  in  excess  of  6) 
d  =  diameter  of  individual  wires  composing  the  ring. 

Then    .       =  exact  circumference  of  pitch  circle  (wires  laid  stni^) 
sm  a  f  \ 

where       a  =  angle  subtended  at  the  center  of  the  ring  faj  the 

radius  of  a  single  wire. 

Also,  let  Z>«  =  outside  diameter  of  circular  ring  under  ooosidflritioo. 

By  trigonometry, 

D.  =  Cd 

where  C  is  an  angular  function  depending  upon  the  number  of  wirtf 
composing  the  circular  ring. 

=  the  elongated  diameter  of  the  wires  normal  to  the  aai  ^ 

the  strand  in  the  twisted  arrangement 


where  B  is  the  angle 
developed  angle  of  1 

By  trigonometry  - 


the  annular  ring  of 

Let 

B:  = 

mo( 

Since 

El  = 

twi 
fE 

/  = 

isn 

If  «  =  0,  t 

41  Conmdering 
smaller  cob  8  approf 

42  CoDsideriDg 
and  Formula  [16]  n 


43  Having  deti 
value  E,  for  a  stran 
mined  as  follows: 

44  Let  £,,£,, 
rings  as  determined 
wires  in  the  corres 
modulus  of  elasticit 
the  modulus  of  the  s 
of  wires  and  also  by 
iag  this  amount  by 


By  means  of  this  fc 
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any  type  of  strand  may  be  determined.    If  Ei^  E%^  Et^  the  modu- 
lus of  elasticity  of  any  strand  E^  =  Ei. 

45    Considering  a  rope,  the  formula  for  modulus  of  dastieity 
takes  the  same  form,  only  for  Ex  we  substitute  £«,  using  the  foUowmg 

notation: 

0  =  angle  of  strands  in  the  rope 

N  =  number  of  strands  in  rope 

d  =  diameter  of  strands 

=  exact  circumference  pitch  circle 


where 


sin/S 


P  =  angle  subtended  at  center  of  rope  by  radius  of 

strand 

=  elongated  diameter  of  strand  normal  to  axis  of 


COS0 

rope  in  the  twisted  arrangement 

ird 

=  exact  circumference  pitch  circle  of  strands  of  rope 


sin  j9  cos  <l> 

in  the  twisted  arrangement 

Er  =  modulus  of  elasticity  for  rope 

In  a  similar  manner  as  before,  

^,  =  S.cos«v/^^f^* (18] 

46  For  a  compound  rope  of  several  layers  of  strands  the  modnhv 
is  determined  as  follows: 

Let  iV^i,  Nty  N4,  etc.,  represent  the  number  of  strands  in  suoooave 
layers,  Er^,  Er^,  Er^,  etc.,  the  corresponding  moduli  and  Emr  the  mflAD 
modulus  of  rope.    Then 

-'"        Ni  +  Nt  +  Nt  +  etc       ••••!"' 

For  a  compound  rope  such  as  one  of  6  ropes  each  having  six  7-iriR 

strands: 

Let  Y  =  angle  of  rope  strands  in  rope 

^  =  angle  subtended  at  center  of  rope  by  radius  of  rape 
strand 
Er  =  modulus  of  elasticity  of  compound  rope 
Then  

£«  =  s.cosyv^^^^^^^ m 

Table  3  gives  values  of  E,  and  Er  as  obtained  from  Foimula  (IT]  iwl 
[18],  and  from  the  results  of  tests. 


new  ropes  show  a  modulus  less  than  this  value,  but  after  rope  has 
beea  in  service  a  short  time  the  initial  stretch  having  been  partially 
taken  out  of  it,  the  lay  of  the  rope  is  altered  somewhat  and  the 
modulus  of  elasticity  is  increased.  This  is  more  noticeable  in  ropes 
such  as  8  X  19  construction  where  the  stretch  will  be  greater  than 
in  the  case  of  6  x  19,  owing  to  the  larger  hemp  center.  The  initial 
modulus  of  elasticity,  therefore,  of  a  8  x  19  rope  may  run  down  to 
6,000,000  lb.,  but  it  would  not  be  safe  to  use  this  value  in  the  cal- 
culation of  bending  stress  when  it  is  known  that  the  modulus  will 
increase  more  rapidly  after  a  very  short  service.  Modulus-of- 
elasticity  curves  of  6x7,  6x19,  8x19  and  6x37  rope  specially 
designed  to  give  a  maximum  flexibility  are  shown  in  Figs.  4  to  11. 
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REVERSE  BENDING 

49  The  value  of  reverse  bending  may  be  determined  in  exactly 
the  same  way  as  that  of  direct  bending,  but  its  effect  is  very  deleteri- 
ous, even  if  the  amount  is  comparably  small.  If  it  were  possible  id 
the. design  of  a  machine  not  to  have  any  reverse  bends,  the  rope 
service  would  be  much  better;  or,  if  a  reverse  bend  is  necessary,  let 
it  affect  only  one  part  of  the  rope,  in  which  case  the  effect  mi^t  be 
the  same  as  that  of  simple  bending. 

50  There  is  one  misconception  in  regard  to  bending  which  should 
be  discussed  at  this  point  and  that  is,  that  it  makes  no  differenee 
whether  a  bend  is  90  deg.  or  180  deg.  provided  it  goes  around  a  sheave 
of  a  fixed  diameter.    The  stress  produced  is  the  same  in  each  case 

TABLE  4    PULL  IN  POUNDS  FOR  lOOQ-LB.  LOAD 

(If^in.  Bheavaa,  2-m.  pins) 


No.  of  Parte  of 
Ro|w 


2 
8 
4 

6 
6 
7 
8 
0 
10 


Siiwof  Ro|» 


Hin. 

Hin. 

6X19 

6X19 

529 

684 

869 

864 

274 

279 

228 

228 

189 

194 

166 

170 

147 

162 

183 

188 

122 

126 

610 

617 

8M 

876 

284 

m 

288 

m 

199 

206 

176 

116 

167 

Ml 

1« 

146 

m 

187 

and  with  the  rope  traveUng  between  any  two  points  all  of  the  rope 
will  have  to  take  the  bend  whether  it  is  90  deg.  or  180  deg.  The  a^ 
point  to  be  noted  is  that  the  bend  is  effective  for  a  small  fractioD  of  s 
second  longer  in  case  it  is  180  deg.  as  compared  with  90  deg-  ^ 
bending  rope  around  sheaves,  as  already  explained,  there  is  a  lo06  of 
strength  due  to  this  bending.  There  is  also  a  friction  due  to  the 
ropes'  passing  around  the  sheaves  and  the  journal  frictioiD  of  the 
sheave  in  its  bearings  which  must  not  be  lost  sight  of. 

51  It  is  a  comparatively  easy  matter  to  obtain  the  valotf  ^ 
pull  with  any  number  of  parts  of  rope  lifting  a  given  load  and  thoi 
determine  the  loss  of  strength  and  friction  factor  which  should  be 
taken  into  account.  Table  4  gives  values  of  this  pull  under  ceiti0 
conditions,  which  are  based  upon  the  most  favorable  alignment  ^ 
wire  rope  in  the  sheave  blocks. 


52  The  condi 
hoists  are  bo  varie 
all  conditions  thai 
should  be  emphaa 
in  any  calculation 
be  allowed  for  by 

53  A  word  of 
of  parte  of  rope  of 
for  the  stress  in 
quickly  in  case  t 
suddenly.  For  tt 
such  conditions  sh 
rope  increased  so ' 
tion  of  load  can  di 


been  known  to  bt 
due  to  conditions 
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54  In  this  ca 
zontally  between  1 
any  load  supporte 
in  most  cases  is  n 
In  the  case  of  a  h 
curve  to  be  parab 
follows : 

Let  L  =  tot 
D  =  sag 
W  =  liv( 
to  =  wei 
5  =  ten 
Then,  for  the  stre; 
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55  Formula  [21]  is  applicable  to  all  cases  of  uniformly  distribu- 
ted load  such  as  a  wire  rope  or  large  guy  strand  used  for  suppoiliiv 
a  lead  telephone  or  power  cable,  or  a  bare-copper  high-tenaioD  feedff 
cable,  at  frequent  intervals.  The  value  of  w  must  be  taken,  howenr, 
as  the  total  weight  per  foot  of  both  suspended  and  supported  cabki. 

56  The  stress  due  to  the  weight  alone  is 

5i'= -j-ij  at  the  center  of  the  span [ttl 

q-<?    I   ^^wI/  +  2WL_L(v>L  +  2W)  «, 


Fio.  14    Tension  in  Cable  Spanb  in  FocNse,  ros  1  la.  rsa  rr. 
DienUHCTED  Load 

From  Formula  [23]  may  be  obtained  the  stress  on  any  cable  due  to 
load  and  weight  of  cable. 

57    The  maximum  stress  on  a  cable  span  is  at  the  e 
points  A  and  B,  Fig.  12,  when  the  load  is  suspended  in  the  c 
Tension  I  at  A  or  B  equals  tension  in  center  plus  the  touion  due  to 
weight  of  rope  tvL  and  load  W  times  the  deSection  D,  or 

^^S  +  D{wL  +  2W) _jj 


=  S  +  D{w  + 


'T) «. 


Figs.  14  & 
load  of  I 
span  for  ( 


58  b 
able  to  CO 
much  infc 
is  to  be  ui 
tion,  and 


Fro,  15    T 
Load  , 

Sao  ai 

manufacti 
applicatio 
infonnatii 
maniifact 
sometime 
rope  servi 
to  specifi< 
59  W 
tion  of  wi 
relative  fl 
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of  the  6  X  7  rope  as  100  the  6  X  19  will  be  60;  the8xl9,50;  the6x37, 
43;  and  the  6  x  61,  33.  The  sheave  diameters  will  be  in  the  propo^ 
tion  to  the  values  for  these  rope  constructions.  Some  rope  instalk- 
tions  may  require  special  constructions  but  no  manufacturer  will 
specify  a  special  construction  if  a  standard  one  will  do  equaUy  wdL 

60  Use  the  approximate  strengths  shown  in  the  manufacturer's 
rope  catalog  of  some  one  of  the  four  standard  strengths  of  steel 
known  by  the  following  trade  names: 

a  Crucible  steel 
b  Extra  strong  crucible  steel 
c  Plow  steel 

d  Special  brand  improved  plow  steel  (each  maker  has  a  trade 
name  for  this  brand). 

61  It  will  be  noted  in  comparing  these  tables  of  strength  as  given 
in  rope  catalogs  that  there  are  at  least  four  solutions  for  a  problem 
of  simple  hoisting,  as  an  example  of  which  for  6  x  19  rope  to  get  a 
rope  of  about  82  tons  strength  we  have: 

8tmith.to« 

IJ-in.  6  X  19  crucible  steel  rope 85 

l|-in.  6  X  19  extra  strong  crucible  rope 83 

IJ-in.  6  X  19  plow-steel  rope 82 

l|-in.  6  X  19  monitor  or  special  plow-steel  rope 84 

All  rope  manufacturers  of  the  United  States  have  standardized  their 
rope  strengths  since  1910  by  mutual  agreement. 

62  Table  5,  showing  the  size  of  rope  that  may  be  bent  around  • 
sheave  of  any  diameter  of  equal  bending  stress  will  be  useful  in  oom* 
paring  values  of  load  that  may  be  used  on  ropes  of  different  con- 
structions. 

63  For  certain  purposes  some  engineers  have  attempted  to 
specify  the  size  of  wire  that  should  be  used  in  a  rope^  but  this  is  not 
desirable  because  there  are  certain  refinements  in  rope  manufaeturei 
and  unless  they  are  put  into  effect  by  the  manufacturers  there  will 
result  an  inferior  rope.  In  specifying  the  strength  of  the  finiflbed 
rope,  the  metaUic  area  has  been  fixed  very  closely  and  no  reEftbb 
manufacturer  would  think  of  furnishing  anything  but  the  belt 
possible  rope. 

64  Physical  properties  of  wire  are  sometimes  specified  such  se 
a  Tensile  strength  per  square  inch 

b  Elongation  in  10  in. 

c  Bends  over  a  fixed  radius  or  proportionate  radius 

d  Torsion  test  in  6-  or  8-in.  length. 
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67  Bends.  Bends  are  sometiines  specified  on  rope  wire,  the 
object  being  to  eliminate  any  brittle  wire,  but  no  manufacturer  would 
knowingly  permit  a  single  piece  of  brittle  wire  to  be  used  in  rope 
construction,  as  all  wire  would  be  tested  when  finished  to  Alimiiimto 
brittleness.  Rope  wire  will  stand  approximately  6  bends  of  90  deg. 
alternately  to  right  and  left  over  a  jaw  with  a  radius  equal  to  twiee 
the  diameter  of  the  wire  being  bent. 

68  Torsion  Test.  A  torsion  test  in  6  or  8  in.  is  used  by  moet 
wire  manufacturers  to  test  the  uniformity  of  rope  wire.  Some  rope 
specifications  call  for  a  test  for  torsion  on  wires  to  be  used  in  rope. 
While  it  should  not  be  necessary  to  specify  this,  still  ungalvaniwl 
rope  wire  should  stand  in  8  in.  as  many  twists  as  are  obtained  by 
dividing  the  constant  1.8  by  the  diameter  of  wire  in  inches,  and  pio- 
portionate  twists  in  shorter  lengths. 

When  all  has  been  said  regarding  physical  tests,  there  is  a  tendency 
for  rope  makers  to  feel  that  their  responsibility  ceases  i^dienever  a 
customer  specifies  all  the  possible  physical  properties  of  both  rope 
and  wire,  whereas  if  the  manufacturer  is  given  an  opportunity  to  fur- 
nish a  rope  which  he  has  reconunended  there  will  be  a  special  effort 
made  to  furnish  the  best  possible  rope.  In  other  words,  a  spectficft- 
tion  for  a  product  as  varied  as  wire  rope  should  be  more  or  Urn 
liberal  and  depend  upon  the  performance  of  the  rope  in  service  for 
final  judgment. 

FACTORS  AFFECTINQ  ROPE  SERVICE 

69  One  problem  that  is  intimately  linked  up  with  rope  service  is 
the  question  of  sheave  diameter  and  the  kind  of  bending  to  whidi  a 
rope  is  subjected.  Reverse  bending  should  be  avoided  in  eveiy 
possible  case  as  it  has  a  very  bad  effect  upon  the  durability  of  a  wire 
rope. 

70  For  derricks  the  sheave  diameter  nowadays  rarely  ezoeedi 
20  to  30  times  the  diameter  of  rope  used,  which  is  usually  6  x  10  or 
8  X  19  construction.  Hoisting  machinery  for  coal  towers,  tf*l^in«li^ 
buckets  for  ore  and  coal  handling  are  proportioned  about  forty  timea 
the  rope  diameter  for  6  x  19  rope.  Ladle  cranes  in  steel  mills  or 
sheaves  30  times  the  rope  diameter  for  6  x  37  rope.  Mine  hdsts  un 
sheaves  and  drums  from  60  to  100  diameters  for  6  x  19  rope  and  these 
arc  probably  the  most  Uberally  proportioned  of  any  machineiy. 
Lift  bridges  have  sheaves  and  drums  50  to  80  times  the  rope  diameter 
for  6  X  19  rope. 

71  One  point  that  seems  to  have  been  lost  sigjit  of  in  dfwinim 
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72    The  final  criterion  as  to  whether  the  stresses  in  a  wire  rope 
for  any  given  class  of  service  have  been  properly  calculated  and  the 

TABLE  8    BENDING  STRESS  FOR  e  X  87  ROPB  IN  TONS  07  SOOOLB. 


DUm.of 
Rope  in 

Diameter  of  Sheave  or  Drum  in  FlMi  and  Inehee 

: 

■ 
1 

Inehii 

14' 0" 

18' 0" 

13' 0" 

11' 0" 

10' 0" 

9'0" 

8'0" 

7' 8" 

'  T'r* 

rr 

iH 

11.11 

11.97 

13.96 

14.15 

15.56 

17.40 

19.46 

10.78 

1 

11.13 

38.11 

2H 

8.85 

8.99 

9.74 

10.68 

11.09 

13.90 

14.61 

16.80 

j  10.70 

;i7.H 

2H 

6.09 

6.65 

7.10 

7.75 

8.53 

9.47 

10.66 

11.88 

ll.U 

.U.M 

2 

4.29 

4.62 

5.00 

5.45 

6.00 

6.67 

7.60 

8.00 

1    8.18 

1  9JI 

m 

2.89 

3.11 

8.88 

8.68 

.4.06 

4.50 

6.06 

6.40 

8.78 

6.fl 

IH 

3.29 

2.47 

3.68 

3.93 

8.31 

8.57 

4.01 

4.18 

I    4.88 

4.N 

m 

1.80 

1.98 

3.10 

3.39 

3.53 

3.80 

8.16 

8.88 

'    8.80 

8.N 

IH 

1.89 

1.49 

1.63 

1.77 

1.94 

3.18 

3.48 

1.88 

1.78 

3.8 

IH 

1.04 

1.12 

1.33 

1.83 

1.46 

1.63 

1.88 

1.98 

1.68 

3.8 

m 

0.70 

0.82 

0.88 

0.97 

1.06 

1.18 

1.88 

1.41 

1.81 

1.8 

1 

0.64 

0.58 

0.68 

0.68 

0.75 

0.88 

0.84 

1.00 

1.04 

l.M 

H 

0.88 

0.89 

0.43 

0.46 

0.51 

0.66 

0.68 

0.88 

o.n 

6.8 

H 

0.88 

0.36 

0.36 

0.39 

0.81 

0.85 

0.80 

0.41 

0.48 

6.« 

H 

0.14 

0.15 

0.17 

0.18 

0.30 

0.11 

0.14 

0.16 

68 

Me 

0.13 

0.18 

0.16 

0.17 

O.M 

0.18 

1  6.8 

Diamel 

terofShi 

ATeor  D 

turn  in  1 

■Maad 

laefaaa 

Diam.ol 

■ 

Rope  in 

Inehee 

6'0" 

5' 6" 

5'0" 

4' 6" 

4'0" 

8' 9" 

8'f- 

8'8* 

rr 

rr 

2H 

26.92 

28.80 

81.13 

34.80 

88.90 

41.60 

2H 

19.48 

21.36 

38.88 

35.98 

30.33 

81.30 

88.40 

88.88 

2H 

14.20 

15.50 

17.04 

18.94 

31.80 

33.73 

84.81 

18.10 

..-•■' 

2 

10.00 

10.90 

13.00 

18.34 

15.00 

16.00 

17.18 

M.a 

M.80 

».• 

IH 

6.76 

7.36 

8.10 

9.00 

10.13 

10.80 

11.68 

U.44 

18.81 

!«.» 

IH 

6.86 

5.84 

6.43 

7.14 

8.03 

8.66 

8.18 

8.88. 

io.n 

»*-• 

m 

4.20 

4.58 

6.04 

5.60 

6.80 

6.73 

7.» 

7.81 

0.48 

9. 8 

IH 

3.24 

8.54 

3.89 

4.36 

4.86 

6.18 

$M 

8.88 

8.48 

^^8 

IM 

2.44 

3.66 

3.93 

8.34 

3.66 

8.90 

4.18 

4.tt 

4.88 

Ui 

1.76 

1.94 

2.13 

3.86 

3.66 

3.84 

8.04 

8.« 

8.84 

1 

1.26 

1.36 

1.50 

1.66 

1.88 

3.00 

1.86 

1.81 

1.81 

H 

0.84 

0.93 

1.01 

1.13 

1.36 

1.86 

1.44 

1.88 

1.88 

^^      M 

H 

0.62 

0.58 

0.63 

0.70 

0.78 

0.84 

o.n 

1.08 

1.04 

H 

0.80 

0.33 

0.36 

0.40 

0.44 

0.48 

0.61 

0.80 

0.01 

^m  ^81 

M« 

0.22 

0.84 

0.27    , 

0.30 

0.88 

0.86 

0.88 

0.41 

0.46 

V" 

Vi 

•••••■ 

1 
1 

0.38 

0.36 

0.88 

0.18 

0.81 

^^         M 

H. 

1 
1 

o.a 

9  •«'' 

^_8 

H 

1 



.   . . . 

1 

1 

o.u 

design  of  the  machinery  suitably  laid  out  will  be  mdfBDiooihywUtf^ 
the  rope  is  giving  good  service  or  not.  In  the  foregoiiig  dismMHi^  ^ 
mention  has  been  made  of  a  factor  which  is  of  gnat  inipoittf8^ 


■•     ..d 
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rope  of  standard  6  x  19  construction  is  about  12,000,000;  or,  in 
other  words,  that  the  rope  stretches  about  2.3  times  as  much  ai 
would  one  made  of  straight  wires.  Different  investigators  in  the 
past  have  found  values  of  this  function  ranging  from  12,000,000  to 
17,000,000.  For  any  given  rope  its  value  depends  somewhat  upon 
the  age  and  condition  of  the  rope.  For  a  new,  well-lubricated  rope, 
12,000,000  is  correct;  while  in  an  older  rope,  in  which  the  hemp  center 
has  been  compressed  and  has  become  hardened,  a  larger  value  will 
be  found.  If,  however,  the  rope  is  subjected  to  bending  over  smaD 
sheaves,  the  hemp  center  will  be  continually  worked  and  stretched, 
and  the  rise  in  the  value  of  the  modulus  of  elasticity  will  be  much 
smaller. 

It  is  not  difficult  to  explain  why  the  rope  stretches  more  thin 
would  a  bundle  of  straight  wires.  A  6  x  19  rope  is  compaeed 
essentially  of  114  spiral  springs.  Under  tension  these  springs  streteh 
out,  the  diameters  of  the  helices  reducing  slightly.  This  stretdiiDf- 
out  action  does  not  occur  freely,  as  the  tightly  twisted  wires  sad 
strands  interfere  with  each  other.  In  a  new,  well-lubiicated  rope 
the  helical  strands  can  pinch  down  considerably  on  the  elastic  mt, 
the  amount  of  stretching  out  is  large,  and  the  modulus  is  smiU; 
while  after  the  core  compresses  and  becomes  hardened  the  stnads 
cannot  pinch  down  so  much,  the  amount  of  stretching  out  leduceSi 
and  the  modulus  becfomes  greater. 

Mr.  Howe  discusses  the  question  of  the  stiffness  of  an  otdamtl 
wire  rope  as  compared  with  that  of  a  rope  composed  of  stni^^ 
wires,  calling  attention  to  the  fact  that  the  ordinary  rope  is  nui^ 
more  flexible.    He  concludes  that,  on  account  of  the  lower  modoB-^ 
of  elasticity  in  tension  of  the  ordinary  rope,  the  bending 
produced  in  the  individual  wires  are  correspondingly  smaller 
those  in  the  straight  wires,  and  thus  accounts  for  the  greater 
bility.    From  this  reasoning  we  would  expect  the  ratio  of  the 
nesses  of  the  two  ropes  to  be  2.3  to  1.    Actually,  howeiveri 
ratio  is  much  larger  than  2.3  to  1.    The  writer  suggests  the 
explanation  of  the  greater  flexibility  of  the  ordinary  rope: 

If  a  rope  composed  of  straight  wires,  having  the  same  numl 
and  arrangement  of  wires  and  strands  as  the  standard  6  z  19 
he  bent  around  a  sheave,  certain  wires  will  lie  on  the  outode  of 
curve  throughout,  and  must  evidently  elongate  and  be  milqected 
tensile  stresses  in  addition  to  bending  stresses,  while  other 
will  lie  on  the  inside  of  the  curve  throughout,  and  will  reeeivi 
pressive  stresses  as  well  as  bending  stresses.    On  acoopat  of 


.Hi^A^ 


Lxial  stresses  being  thus 
ope  will  be  much  great 
-  about  200  times  as  gi 
he  wires  has  to  occur  in 
•0  to  100  times  as  great 
an  extend  out  into  the  t 
>e  the  case. 

Consider  now  a  piece 
liameter.  The  strand 
)oint  is  at  the  bottom  a' 
op  of  a  strand  at  one  poi 
uch  a  rope,  well  lubrics 
i  unnecessary  that  any 
nstead,  the  strands  will 
Jong  each  other  in  the 
>e  subjected  to  bending 
jdal  stresses  to  make  th 
Jong  each  other.  Thesi 
ubricated  rope. 

From  the  foregoing  i 
aore  flexible  than  the 
eason  that  in  bending  tb 
s  well  as  bending  stress* 
he  former  there  are  set  i 
ently,  therefore,  we  cam 
rdinary  rope  that  the 
ban  those  in  the  rope  co 

Mr.  Howe,  having  de 

15  of  elasticity  in  tensioi 
alue  can  be  used  in  c< 
rate  wires,  and  thus  ol 
ene rally  been  accepted. 

16  modulus  of  elasticity 
ilculation  of  bending  st 
le  author  should  give 
'he  point  certainly  requi 

The  writer  has  put  ci 
ig  stresses  in  wire  rope 
mple  aod  logical  in  der 
ith  the  only  tests  bearii 
ay  knowledge. 
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Suppose  a  straight  wire  of  diameter  d  to  be  bent  180  deg.  around 
a  sheave  of  diameter  D.  The  length  of  the  bent  portion  of  the 
wire  is  tD/2  and  the  total  angle  through  which  it  is  bent  is  r;  so 
that  the  angle  of  bending  per  unit  length  is  t/(tD/2)  or  2/D.  Letting 
/  be  the  extreme  fiber  stress  in  the  wire  and  E  the  modulus  of  das- 
ticity  of  the  material,  the  angle  of  bending  per  unit  length  is  abo 
(//£)/(d/2),  or  2f/Ed.    We  then  have 

21^2 
Ed      D 
whence 

'-4 

This  latter  expression  is  the  formula  given  by  Reuleaux,  Rankine, 
Unwin,  and  other  writers,  and  is  evidently  applicable  to  stniglit 
wires  only. 

Now  consider  a  helical  wire,  such  as  the  center  wire  of  one  of  the 
strands  of  a  wire  rope.  Let  the  angle  between  the  wire  and  the 
axis  of  the  helix  be  a,  and  other  notation  as  before.  Now  suppose 
the  helical  wire  bent  180  deg.  around  the  sheave.  The  total  angk 
through  which  the  wire  is  bent  is  evidently  r,  as  beforBi  and  the 
length  of  the  bent  portion  is  (irD/2)  sec  a;  so  that  the  averagB 
angle  of  bending  per  unit  length  is  evidently  T/(rD/2)  aeeo,  or 
(2/Z))  cos  a.    We  then  have 

^  =  T^cos a,  whence       /  =  EjzcoBa 

Next  consider  a  compound  helical  wire,  such  as  one  of  the  outer 
wires  in  a  strand  of  a  rope.  Let  the  angle  of  lay  of  the  stnuid  be 
a,  and  the  angle  of  lay  of  the  wire  in  the  strand  be  6.  As  bebR> 
suppose  the  wire  bent  180  deg.  around  the  sheave.  The  length  of 
the  bent  portion  of  the  wire  is  (tD/2)  cos  a  cos  b,  whence  we  find 

f  =  EjT  cos  a  cos  b 

It  appears  difficult  to  the  writer  to  consider  the  bending  itieVB* 
to  be  any  smaller  than  those  given  by  the  foregoing  formula.  ^ 
total  length  of  the  wire  and  the  total  angle  through  which  it  ie  hent 
are  known,  definite  quantities  in  each  case,  from  which  we  cm 
deduce  directly  the  average  angle  of  bending  per  unit  length;  •*! 
from  this  latter  quantity  the  extreme  fiber  stress  in  the  wire  ces  he 
computed  directly  and  without  any  doubt  whatsoever. 


While  the  last-meo 
it  is,  of  course,  very 
results  of  some  experin 
man  io  the  Engineering 
in  Wire  Ropes  Due  to  B 
Mr.  Chapman  took  a 
securely,  applied  trans\ 
ured  the  resulting  deflt 
the  results  of  two  of  hit 

In  making  such  an 
efifect  of  the  internal  f 
and  wires.  Mr.  Chapi 
the  following  manner: 
in  one  direction,  tiien 
gradually  increasing  foi 
reduced  it  to  zero.  7 
deflections  were  very  f 
b^iun  to  slip  on  each  c 
a  sohd  bar.  The  flat 
right  of  the  origin  in  e 
forces  were  increased  t 
and  strands  began  to  i 
curve  turned  up  sharp 
as  long  as  the  forces  ^ 
then  began.  The  resu 
the  rope  acting  as  a  e 
frictionai  forces  was  re 
as  slippage  in  the  opp< 
gradually  reduced  to.  ze 
the  deflection  curve  co 
while.  The  forces  wer 
lion  curve  being  at  firs 
tinuing  as  practically  a 
in  direction,  the  curve  i 
drawn,  thus  forming  a  ■ 

In  the  loop  just  de: 
top  and  bottom,  as  si 
when  no  shppage  of 
steeply  inchned  sides  rt 
are  slipping  freely,  witt 

Our  next  step  is  to 
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each  of  the  two  examples  in  accordance  with  the  formula  for  beodinf 
stresses  deduced  by  Mr,  Howe  and  the  writer,  and  to  plot  them  on 
the  two  figures. 


D«f  lecl-ing  Ferca  in  Kwnd*. 
Fia.  IB    DcpLBCTiON  op  6  x  12  Wire  Rope  with  Load  H  m.  noM  BntMt 


The  rope  used  in  the  tests  plotted  in  Figs.  16  and  17  a 
6  strands  of  12  wires  each,  with  a  hemp  core  for  the  n^e  ind  bnp 
cores  for  the  strands.  The  rope  was  of  (wdinary  1^,  the  an^  ^ 
lay  being  18^  deg.,  and  the  diameter  tA  the  wires  0.0B2  in.    Tic 


moment  of  i 
0.000159.  1 
12,000,000  X 
formula,  aini 
0.95  X  0.96  ■■ 
For  Fig.  1' 
was  26  in.,  a 
The  deflectic 


For  Mr. 

the  writer's  1 
For  Fig. 


Fio.  17    Defl 


rope  and  to 

that  the  defli 


For  Mr.  Ho 
writer's  form 
The  defie 
been  plotted 
those  figured 
will  be  noted 
to  the  defle< 
freely,  with 
dotted  line  d 
testa  therefo: 
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termine  from  information  obtained  that  the  rope  subjected  to  it 
has  in  all  instances  required  more  frequent  renewal  than  the  other 
ropes.  There  is  another  question  in  the  use  of  rope  that  has  not 
been  touched  upon  by  the  author  and  that  frequently  comes  op 
in  meeting  the  conditions  in  mine  hoisting  from  great  depths.  This 
is,  To  what  extent  does  the  winding  of  the  rope  in  more  than  one 
layer  on  the  drum  affect  the  longevity  of  the  rope?  What  effect 
does  the  second  layer  of  the  rope  have  on  the  first,  and  the  third 
layer  on  the  second? 

With  reference  to  lubrication  of  rope,  there  are  occasions  when  I 
believe  this  is  not  desirable,  and  that  is  in  cases  of  haulage  rope?, 
where  the  rope  is  liable  to  be  dragged  on  the  ground.  The  lubri- 
cant here  tends  to  pick  up  the  sand  and  grit,  which  necessaril}'  i^ 
forced  into  the  rope  when  the  rope  is  wound  on  the  drum  and  wouU 
tend  to  increase  the  wear  on  the  rope. 

.  C.  C.  Brooks  (written).  Mr.  Howe's  allusion  to  the  effect  od 
the  stresses  in  the  rope  due  to  bending  over  sheaves,  is,  I  believe, 
timely,  for  it  is  frequently  found  that  where  the  are  of  contact  of 
the  rope  around  the  sheave  is  slight  the  ropes  are  led  over  sheaveB 
much  smaller  in  diameter  than  the  best  accepted  practice  danandi, 
there  being  a  prevalent  feeling  that  the  life  of  the  rope  is  not  seri- 
ously affected  by  slight  change  in  direction,  as  it  would  be  by  one 
considerably  greater.  Consequently,  small  deflecting  rollers  are 
employed,  causing  early  fracture  of  the  outside  wires. 

The  emphasis  Mr.  Howe  has  laid  upon  the  part  the  persooal 
equation  of  the  operator  plays  in  determining  the  life  of  the  rope 
cannot  be  made  too  great,  for  my  own  observation  leads  me  to  feel 
that  more  depends  upon  this  one  factor  than  on  any  other,  especialbr 
where  the  ropes  are  employed  in  the  handling  of  materials,  that  iii 
for  intermittent  service.  Operators  are  all  too  prone  to  start  and 
stop  as  suddenly  as  the  mechanism  operating  the  various  sheates 
or  drums  will  permit,  thereby  inducing  whipping  of  the  lines  and 
also  inducing  waves,  as  it  were,  to  travel  along  them,  causing  serious 
abrasions  of  the  outer  wires  of  the  strands  through  the  rubbiof 
action  against  the  sheave  grooves  and  its  guards. 

Albert  Reichmann  ^  (written).  1  should  prefer  to  have  F^* 
22  stated  as  follows: 

22    In  the  case  of  a  moving  rope,  supporting  a  load,  the 
stress  in  the  rope  is  equal  to  the  load  itsdf ,  when  the  speed  ■ 

^  Auiericun  Bridge  Co.,  208  S.  La  Salle  St.,  Chicago,  UL 


uniform,  wheUier  it 
change  of  velocity  ti 
a  uniform  chaise  of ' 
be  that  called  "  stre* 
a  change  of  velocity 
stresses  are  inducei 


The  first  kind  csn  be 

Generally  speakin 

F  acting  on  a  movi 

acceleration  a,  is  F 

is  expressed  by  W/g, 

and  g  the  acceleratic 

This  simple  relation  h 

actors  given  in  Table  1 

or  a  =  8.02  the  stress  : 

otal  stress  in  the  rope  is 

Par.  54  should  point 

ttached  at  any  two  poii 

•etween  two  points  on  tl 

Par.  57  gives  an  expre 

nent  of  a  cable  which  d 

if  statics.    This  tension 


Lyman  H.  Miller  (i 

ng  stresses  is  one  cons 
lirecting  and  guiding  hi 
if  this  is  the  fact  that  i 
inly  subjected  to  a  se^ 
tend. 

F,  Hymans  (written 
lowe  consists  of  the  d 
■omposed  of  7  wires  of 
ormula: 

n  which  W,  is  the  break 
rire.  This  equation  is  b 
s  loaded  with  a  force  W„ 
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and  along  the  axis  of  the  outer  wires  will  each  have  the  same  mag- 
nitude  S.    As  the  following  will  show,  this  is  not  true. 

Referring  to  Fig.  18,  AB  represents  the  free  length  of  the  strandi 
which  is  at  the  same  time  the  free  length  of  the  center  wire.  The 
outer  wires  each  form  a  helix  wound  on  the  center  wire,  and  if  CB 
is  the  circumference  of  the  base  circle  of*  the  helix,  AC  will  be  the 
free  length  of  an  outer  wire.  If  now  a  force  S  acts  at  B  as  well  as 
at  C  along  the  axes  of  AB  and  AC,  the  elongations  BBi  and  CCi  — 
since  the  size  of  the  wires  is  the  same  —  will  be  proportional  to  the 
free  lengths  AB  and  AC.  And  if  Mr.  Howe's  version  of  the  matter 
is  correct,  ABi  and  ACi  will  be  the  altered  lengths  of  the  center  and 
outer  wires  when  the  strand  is  loaded. 

•  In  reality,  however,  things  are  different.  The  outer  wires  before 
and  after  loading  form  a  helix  of  which  the  base  circle  remains 


FiQ.  18    Diagram  Showing  Altered  Lengths  of  Cbntbb  amd  Onu 

Wires  when  Strand  is  Loaded 

substantially  the  same,  since  the  load  causes  only  infinitflainal 
changes  in  the  diameter  of  the  strand.  If,  therefore,  in  Fig.  U 
ABi  is  the  altered  length  of  the  middle  wire,  we  merely  have  to  lay 
off  Bid  =  BC  to  find  ACt,  the  altered  position  and  length  of  the 
outer  wire  AC.  If  we  further  make  ACi  »  AC  we  find  the  doogft" 
tion  of  the  outer  wire  to  be  C^g  and  not  CCi  as  Mr.  Howe  wouU 
have  it.  It  will  be  seen  that  CsCi  is  smaller  than  CCi,  from  wUdi 
follows  that  the  force  along  the  axis  of  the  outer  wire  is  not  5  M  ■> 
smaller.  Therefore,  if  a  strand  composed  of  equal  wires  is  loaded 
axially,  the  force  along  the  axis  of  the  center  wire  will  be  gre*^ 
than  the  force  along  the  axis  of  the  outer  wires,  and  not  the  saM  tf 
assumed  in  Mr.  Howe's  formula.  The  same  error  is  contained  0 
FonnulfiB  [3],  [4],  and  [7]  of  the  paper. 


In  the  conaderat 
Howe  runs  afoul  of 
K,  =  CiW  +  wl),  R 
ing  system,  W  the  w( 
.  C  is  defined  as  the 
kinetic  energy.  TMe 
at  variance  with  his 
by  which  the  weight 
the  kinetic  enei^  a 
load.  Owing  to  tbi 
sented  in  Table  1  is  i 

The  problem,  as 
yields  directly  to  thi 
dynamics,  and  does  i 
kinetic  eaergy  and  1 


Fig  19    Du 

apply  only  to  imifoi 
Referring  to  Fig.  19 
rope  weighing  wl  an 
the  sj-stem  is  to  rec( 
resultant  of  all  forces 


To  find   the  force  J 

weights  by  the  facte 

For  example,  if  t 
.  ,  ,  17.93  ,  ,._ 
^1  +  3216=^-5^^ 
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the  factor  of  safety  of  the  rope  for  static  load  was  10,  an  accdention 
of  17.93  would  reduce  it  to  10/1.577  =  6.42  and  not  to  1.67  as  in 
the  table. 

It  should  be  remarked  that  in  Mr.  Howe's  consideration,  as  nd 
as  in  the  corrected  formula  above,  the  rope  is  assumed  to  be  po^ 
fectly  rigid.  If  its  elasticity  is  taken  into  account,  however,  tk 
problem  becomes  much  more  complicated,  as  is  shown  in  the 
writer's  paper  on  Stresses  in  Machines  when  Starting  or  Stc^qoiiib 
page  155  ante. 

In  Pars.  39  to  46  Mr.  Howe  undertakes  the  determination  of  the 
modulus  of  elasticity  of  a  strand  and  of  a  rope.  Now  a  forandii 
empirical  ones  excepted,  to  be  logical  must  be  the  translation  into 
mathematical  language  of  a  conception  or  definition.  What,  then, 
is  the  conception  or  definition  of  the  modulus  of  elasticity  of  a  rope? 
Mr.  Howe  gives  none;  but  the  one  heretofore  met  in  literature  on 
ropes  is  an  artificial  concept,  somewhat  akin  to  Young's  modulus. 
The  latter,  as  is  known,  is  the  quotient  obtained  by  dividing  the 
tensile  stress  per  square  inch  by  the  elongation,  reckoned  per  imit 
of  length.  If,  therefore,  a  straight  prismatic  bar,  initiaUy  of  length 
L  and  cross-section  A,  is  uniformly  loaded  normaUy  to  each  eras- 
section  by  a  force  P,  which  produces  the  elongation  AL,  Youn^i 
modulus  will  be  expressed  by 


Similarly  for  a  strand  or  a  rope;  with  this  difference,  hoirever, 
t  hat  P  is  the  force  applied  to  the  ends  of  the  strand  or  rope,  withoot 
specification  as  to  its  distribution,  and  that  A  is  not  the  crov-eeetioB 
of  the  rope  normal  to  its  axis,  but  is  the  aggregate  area  of  the  crQ» 
sections  of  the  individual  wires.  However  that  may  be,  it  is  qnite 
clear  that  in  an  analytical  determination  of  the  modidun  of  die- 
ticity  of  a  rope,  the  first  object  is  the  derivation  of  the  efcrngetifl* 
produced  in  it  by  a  given  force.  If  there  is  in  Pan.  30  to  46  aV 
attempt  in  that  direction,  the  writer  would  be  glad  to  have  it  pointod 
out  to  him,  as  well  as  what  fundamental  conception,  for  imtMO^ 
underlies  Formulse  [17]  and  [19]. 

Passing  now  to  the  discussion  of  Mr.  Howe's  foimula  for  the 
stresses  in  a  bent  rope:  If  a  straight  cylindrical  bar  of  diameter' 
and  made  of  homogeneous  isotropic  material,  for  wfaidi  Toon^* 
modulus  is  A",  is  given  a  curvature  of  diameter  D,  we  knoir  from  the 


theory  of  elasticity  (aD 
stress  is  expressed  by 
by  Et,  the  modulus  of  e 
further  proof,  the  so-mo 
to  figure  the  stress  in  th 
gratifying  if  we  could  de 
expedient  of  replacing  1 
of  elasticity,  but  can  we 
For  example,  if  the  t 
know  that  the  tensile  stri 
Now,  by  writing  S  =  4 
wires  of  a  rope  when  i 
AL  per  inch  of  length  7 
Or  agun,  the  relal 

Young's  modulus  is  exj 

son's  ratio.  Do  we  obti 
that  may  be)  if  we  repla 
In  neither  of  these 
which  shows  at  least  ti 
generally  permissible, 
so-called  Reuleaux  form 
In  the  determinatio 
modulus  or  the  moduli 
tions  at  a  point  of  a  bi 
The  modulus  of  elastic 
elongation  of  the  entire  r 
reckoned  per  square  inc) 
Now  the  elongation  of  t 
composing  it;  for  a  stra 
as  that  of  the  center  »i 
of  outer  wires.  The  e 
measure  for  the  state  c 
per  square  inch  of  the  a 
direct  relation  to  the  st. 
The  modulus  of  elastici 
concept,  not  connecting 
the  deformation  produci 
is  30,000,000,  we  express 
in  any  direction,  a  puH  < 
1/30,000,000  in.     Howe 
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ticity  of  a  rope  is  12,000,000,  we  mean  no  more  than  that  an  axial 
force  of  1  lb.  for  each  square  inch  of  cross-section  of  the  wires  pro- 
duces an  elongation  of  the  rope  of  1/12,000,000  in.  per  unit  of  leDgth, 
but  have  no  inkling  whatsoever  of  the  deformation  or  stress  in  a 
given  point  of  a  wire.  It  is  therefore  clear  that  where  E  and  C, 
stand  for  things  so  totally  different,  no  formula  of  the  theoiy  of 
elasticity  can  be  made  to  apply  to  ropes  by  merely  writing  £r 
for  E. 

The  Author.  The  formula  as  proposed  by  Mr.  Hardesty, 
namely, 

/  =  Byrcosacosft 

will  give  as  appUed  to  ordinary  6  x  19  wire  rope,  assuming  that 
cos  a  =  0.95  and  cos  h  =  0.95,  a  value  for  cos  a  cos  b  of  0.9023.  If 
this  is  multiplied  by  E,  it  will  mean,  assuming  £  to  be  27,500,000  as 
proposed  by  the  writer  in  his  paper,  that  the  modulus  of  elasticity 
of  the  entire  rope  would  be  equal  to  the  product  of  0.9025  and 
27,500,000  or  24,818,750  lb.;  or  in  other  words,  the  modulus  of 
elasticity  of  the  wire  rope  would  be  only  about  10  per  cent  km 
than  the  modulus  of  the  straight  wires.  Ebcperimental  proof  has 
shown  that  the  modulus  is  much  less  than  this,  as  will  be  noted  by 
reference  to  the  curves  shown  in  Figs.  6  and  7. 

Reference  has  been  made  by  Mr.  Hardesty  to  the  paper  by 
W.  R.  Chapman,  published  in  the  Engineering  Review  in  1908,  in 
which  Mr.  Chapman  gave  particulars  of  experiments  made  to  show 
the  value  of  the  bending  stress  in  wire  ropes.  In  that  paper  Mr. 
C-hapman  gives  for  a  3J-in.-circumference  rope  (1.034  in.  diameter) 
a  bending  stress  of  18,945  lb.  over  a  3-ft.  sheave.  This  coneqNmds 
to  a  modulus  of  elasticity  of  approximately  24,300,000  lb.,  ^d> 
agrees  with  Mr.  Hardesty's  formula.  However,  Mr.  Hardesty  » 
basing  his  conclusions  entirely  upon  the  Chapman  experiments,  so 
that  the  agreement  of  his  formula  with  the  Chapman  experiments 
is  l)y  no  means  conclusive  evidence  of  the  correctness  of  the  assiunP' 
tions  which  have  been  made. 

The  entire  experimental  proof  of  Mr.  Chapman  rests  upon  i 
series  of  experiments  made  by  clamping  a  piece  of  wire  rope  in  » 
solid  jaw,  suspending  this  rope  vertically  and  then  applying  various 
loads  at  the  end  of  this  rope  and  recording  the  deflections,  t^ 
ordinary  testing  where  the  material  being  tested  is  a  adid,  th* 
method  would  probably  give  fairly  correct  results;  but  in  testiBS 


wire  rope  in  this  manner,  v( 
to  creep  in  which  complet 
will  be  rea,dily  understood  \ 
ined.  When  the  clamp  is 
solid  and  no  action  can  tak 
the  wire  rope  must  be  held 
any  play  of  the  strands  eitb 
where  they  are  clamped,  ' 
it  seriously  affects  the  res 
greater  stiffness  to  the  rof 
actual  worldly  conditions, 
knows  that  the  effect  of  bii 
is  to  render  it  very  stiff, 
stiffness  is  overcome.  Ho 
they  are  interesting,  do  not 
full-length  specimen  of  rop« 
know.  Behavior  of  a  ^orl 
cem  him.  It  is  what  the  &[ 
commercial  lengths  on  a  lar, 

Taking  the  case  aheady 
working  over  a  3-f  t.  sheave, 
in  diameter  would  be,  accc 
rope  of  this  diameter  would 
crucible  steel,  or  38  tons  for 
a  derrick  to  be  equipped  w: 
and  carrying  a  load  of  6  to  7 
as  these  Chapman  experimi 
would  be  exceedingly  short 
at  or  near  the  elastic  limit  i 
load.  Other  similar  cases  . 
are  duplicated.  This  of  its 
stress  cannot  be  as  great  as 
man  formula  or  by  Mr.  Hai 

Were  the  stress  as  high 
Hardesty,  wire  rope  would 
the  conditions  noted,  whei 
ropes  have  lasted  from  si: 
similar  to  those  just  noted, 
offer  added  proof,  therefore, 
factor  than  indicated  by  Mi 

Referring  to  the  discus: 
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v7  Jt )  impossible  in  the  scope  of  a  single  paper  to  consider  the  entire  &dd 
of  wire-rope  usage,  and  that  side  was  therefore  taken  up  which  it  wu 
thought  would  be  most  valuable  to  engineers;  the  author  being  foDr 
aware  of  the  fact  that  in  treating  the  matter  of  stresses  there  would 
come  requests  for  information  of  a  practical  character  as  to  their  effect 
and  different  conditions  governing  installations,  which  might  perittps 
at  some  future  time  serve  as  the  subject  of  an  additional  paper. 

Mr.  Hymans  discusses  the  author's  formula  for  strength  of  sUind 
(TTt  =  S  +  d  S  cosd)  on  the  basis  that  the  elongation  of  the  stnmd 
is  equal  to  the  elongation  of  the  center  wire.  This  is  not  true.  Wlut 
actually  happens  when  the  strand  is  tested  to  destruction  is  that  the 
elongation  of  the  wires  comes  into  play,  and  the  difference  between 
all  of  the  wires  having  absolutely  uniform  load,  theoretically  epeik- 
ing,  and  the  actual  condition  of  test  is  very  slight. 

For  example,  the  author  has  made  numerous  tests  on  stiands  of 
this  character  and  has  obtained  efficiencies  not  only  equal  but  some- 
times in  excess  of  those  shown  by  the  formula.  Similar  tests  have 
been  made  not  only  with  7-wire  strands  but  also  with  19-,  37-  and 
61-wire  strands.  The  explanation  of  this  is  that  there  is  suflkient 
elongation  in  the  various  wires  composing  strands  to  absorb  d^t 
differences  such  as  those  referred  to  by  Mr.  Hymans,  which  do  ml 
affect  the  material  result  by  an  appreciable  quantity.  For  instsnee, 
assuming  a  wire  having  an  elongation  of  6  per  cent  to  be  placed  in  a 
7-wire  strand,  the  difference  in  length  between  the  inside  or  center 
wire  and  6  surrounding  wires  would  be  about  1  per  cent.  In  a  diraet 
puU,  therefore,  the  difference  in  load  between  the  center  wrire  and  the 
6  surrounding  wires  could  not  exceed  1  per  cent.  This  would  mean 
that  0.06  per  cent  less  elongation  would  be  required  on  the  eenter 
wire  than  on  the  6  surrounding  wires  in  order  to  have  a  condition 
so  that  all  7  wires  would  theoretically  break  at  the  same  instant 
This  is  a  uniformity  of  material,  however,  closer  than  it  is  possible  to 
secure,  because  in  normal  manufacture  wires  would  vary  in  elongatow 
anywhere  from  6  to  8  or  9  per  cent.  We  need  not  therefore  take  into 
account  any  small  variation  in  our  theoretical  calculations  whidi  i> 
entirely  wiped  out  or  offset  by  the  greater  variations  in  the  matenak 
with  which  wc  are  dealing. 

In  the  case  of  the  strands  just  mentioned,  it  would  be  impoflihie 
to  choose  6  wires  with  an  elongation  of  exactly  6  per  cent  and  one 
wire  with  exactly  5.94  per  cent.  We  would  get  wizes  on  iriiich  eon* 
tinuous  tests  with  the  same  wire  would  show  variatioiiB  anyiHieR 
from  6  to  8  per  cent,  based  upon  a  length  of  10  in. 


L^.>j^    iJ 


The  matter  referred 
character  to  a  differenti 
differential  of  the  first  on 
to  drop  differentials  of  tl 

This  and  other  points 
be  dwelt  upon  at  length 
however,  materially  affe< 
given  in  the  paper. 

In  the  development  c 
C  is  evidently  what  Mr 
numerical  factor.  For  ii 
safety  of  10,  the  load  du 
is  1.  In  other  words,  C 
other  conditions  it  represi 
on  whether  the  accelera 
than  the  assumed  value. 

When  a  load  is  hoisb 
the  amount  of  the  dead 
upon  the  speed.  The  gn 
of  energy  expended  and 
lifting. 

Mr.  Hymana  submits 
ductions  arrived  at  by  tl 
He  asks  the  question,  W 
a?  Immediately  after  I 
if  (  is  unity  the  acceler 
therefore,  is  for  one  seco 
the  deductions  therefrom 
to  a  number  of  mine-hoii 
two  due  to  the  accelerat. 
the  figures  given  are  con 

It  is  unnecessary  to 
H\-mans'  coninienls  exce] 
to  rest  suddenly  expend 
energj-  in  pounds  is  exp 
velocity  1".  The  tables 
of  certain  stated  aniounU 
a  rope  having  no  elongati 
which  various  lengths  of : 
unity.  The  ctfect  of  this 
ize  the  stress  due  to  acee 
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Mr.  Hymans  further  asks,  What  is  the  conception  or  definition  of 
modulus  of  elasticity  of  a  rope?  No  difference  in  definition  is  neces- 
sary between  the  modulus  of  elasticity  of  a  rope  and  that  of  bar  steel 
or  any  other  similar  material.  This  conception  of  rope  is  not  entirdr 
new,  because  there  are  some  cases  in  technical  literature  where  it 
can  be  found.  I  would  refer  Mr.  H3anans  to  a  book  known  as  Die 
Drahtseile  (The  Wire  Rope),  by  Joseph  Hrabak,  published  in  1902. 
in  the  seventh  chapter  of  which  will  be  found  results  of  tests  of 
modulus  of  elasticity. 

Tests  have  also  been  made  by  various  universities  and  engineering 
schools,  including  the  University  of  Illinois  and  the  Worcester  Poly- 
technic Institute,  along  with  numerous  tests  by  the  author,  so  that 
there  is  no  more  reason  for  doubting  the  modulus  of  elasticity  of  a 
wire  rope  than  there  is  for  doubting  Young's  modulus  on  solid  steel 
or  any  other  metal.  Further  comments  upon  this  conception  would 
seem  unnecessary. 

Mr.  Hymans  refers  to  Formula  [17]  and  asks  for  a  fundamental 
conception.  If  a  strand  is  composed  of  several  layers  of  wires,  each 
one  possesses  its  own  modulus  based  upon  the  angle  of  lay.  If  the 
angle  of  lay  is  uniform  for  all  layers,  then  there  is  one  modulus  for 
the  entire  strand.  Formula  [17]  is  arranged  to  take  into  account  any 
difference  that  there  might  be  in  a  strand  due  to  different  anj^es  of 
lay,  so  that  an  average  modulus  of  the  entire  strand  can  be  obtained. 
The  same  is  true  of  Formula  [19],  which  applies  to  compound  rope 
instead  of  a  strand. 

Mr.  Hymans  now  refers  to  the  matter  of  the  formula  for  bending 
stress  in  a  rope,  namely,  S  =  Efd/D,  and  in  his  discussion  bringi  in  the 
modulus  of  shear.  The  conception  of  bending  brings  up  the  question 
of  tension  or  compression,  but  not  of  shear,  as  it  will  be  readily  unde^ 
stood  by  all  engineers.  In  this  connection  Hrabak's  book  also  con- 
tains information  in  support  of  the  conception  for  bending  already 
referred  to,  and  in  rope,  as  in  any  other  material,  we  must  consider 
facts  as  they  arc  and  not  perhaps  as  we  would  like  to  have  them.  No 
greater  variation  in  modulus  of  elasticity  of  rope  exists  for  aoy 
definite  construction  than  exists  in  plain  steel  for  the  value  of  Youdk'* 
modulus. 

Mr.  H^'mans  brings  in  the  question  of  the  elongation  of  rope  wire 
in  connection  with  the  elongation  of  rope.  Arriving  at  the  moduhii 
of  elasticity  within  the  elastic  limit,  no  permanent  elongation  takes 
place  in  a  single  wire  and  no  pennanent  elongation  takes  plaee  in  a 
rope  for  the  same  reason.    Hence  the  question  of  elongation  does  not 


have  a  bearing  upon  the 
of  Bteei  on  a  test  will  reb 
cable  will  also  return  to 
within  the  elastic  limit  ol 
owing  to  a  slight  comprei 
there  will  be  a  shght  pei 
not  increase  this  set  but 
mined. 
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ytart,  U  largely  oOnbubMe  U 
record!  of  performarwe  offovr 
kv>.  which  the  auihor  praenU 
of  inleregt  in  showing  the  r^i 
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The  design  of  nicA  larg 
relolin;  to  tUam  areas,  rotor 
dimertsions  are  dealt  with  bff 
large  unib  alto  invoivee  man 
eylitiden,  bearings,  mt-euvut 


'T'HE  remarkable  groi 

recent  years  has 
development  of  steam- 
has  been  this  developmi 

of  a  new  design  was  com^.»vw^  _»»»,.  w.  ..„»,...»^  ^».vw  ».f«»>j 
and  higher  efficiency  was  being  designed. 

2  While  machines  of  15,000  kw.  capacity  were  put  into  opera- 
tion as  early  as  1908,  their  use  did  not  become  general  until  1913; 
and  yet  today  nearly  every  one  of  what  may  be  called  our  large 
generating  stations  has  at  least  one  unit  of  30,000  kw.  capacity  or 
larger. 

3  Has  this  growth  been  natural  and  healthy,  or  has  it  been 
forced?  Will  the  tendency  be  toward  larger  units  or  will  a  reversion 
to  smaller  sizes  occur?  If  such  reversion  occurs,  will  it  be  the  result 
of  faulty  engineering,  bom  of  overconfidence  on  the  part  of  the 
builders  or  users  of  the  apparatus,  or  because  units  of  30,000  kw.  and 
larger  are  too  large  for  the  present  and  immediate  futiue  lequirunents 
of  our  large  power-generating  stations? 

Abstract  of  a  paper  presented  at  a  meeting  of  the  Philadelphia  Seetion  of 
The  American  Societt  op  Mechanicai.  Enqingebs,  November  36,  1918. 
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4  In  our  chief  industrial  centers  the  electric-power  industiy  has 
attained  its  broadest  development.  Here  the  appeal  of  ''Do  It 
Electrically"  has  gained  a  universal  response.  As  a  result  power 
consumption  per  unit  of  area  has  reached  high  values  and  this  has 
encouraged  the  formation  of  large  pubUc-service  companies,  both  by 
means  of  development  and  by  means  of  consolidation  of  smaller  odcb. 
Moreover,  a  careful  analysis  of  the  present  applications  of  electric 
power  will  not  disclose  a  Ukelihood  of  serious  decrease  in  any  of  them. 
On  the  other  hand,  there  are  many  applications  in  which  marked 
future  growth  seems  certain.  Important  among  these  are  the  sepanr 
tion  and  purification  of  metals,  the  use  of  the  electric  fumaee  in 
metallurgy,  and  the  electrification  of  our  present  steam  railroads. 
There  can  be  no  doubt  that  the  electric-power  industry  is  today  only 
in  the  midst  of  a  rapid  and  healthy  growth. 

5  In  designing  machines  of  large  capacity,  the  selection  of  the 
number  and  sizes  of  units  in  a  station  of  given  capadly  ia  most 
important  since  this  selection  materially  affects  the  total  ooat  of 
power  generated.  If  the  sizes  of  units  be  too  small,  the  cost  per 
kilowatt  of  the  completed  station  will  be  greater,  the  maintenanre 
and  operating  expenses  higher,  the  efficiency  lower,  and  the  rdia> 
bility  at  least  no  greater  than  if  the  proper  sizes  are  used.  On  the 
other  hand,  if  the  imits  be  too  large,  the  cost  per  kilowatt  installed 
may  be  too  great  because  of  the  greater  reserve  ci^MUuty  required, 
and  the  efficiency  may  even  be  lower  by  reason  of  the  units  (q)eratiiig 
at  loads  too  far  below  their  points  of  best  efficiency. 

6  Take  for  example  a  district  with  a  maximum  peak  require- 
ment of  600,000  kw.  To  insure  proper  reliability  it  is  decided  to 
generate  in  three  stations  of  approximately  equal  siieB.  Aaaume 
that  these  stations  will  normally  aiways  operate  in  parallel  and  that 
there  will  be  one  spare  unit  for  each  five  in  service  during  the  peak 
If  20,000-kw.  units  were  used,  there  would  be  30  operatiDg  and  n 
spares,  a  total  of  36  units,  12  in  each  station.  If  30,000-kw.  uniti 
were  used,  there  would  be  20  operating  and  four  spareBi  ft  total  of  9t 
units,  eight  in  each  station.  If  40,000-kw.  units  were  used,  tiiere 
would  be  15,  operating  and  three  spares,  a  total  of  18  unitSi  mx  in  each 
station.  If  60,000-kw.  units  were  used,  there  would  be  ten  operaliiiB 
and  two  spares,  a  total  of  12,  four  in  each  statioru 

7  If,  in  order  to  remove  from  this  consideration  of  ideal  aiie  of 
units  conditions  imposed  by  the  design  of  the  apparatus^  it  ia  afwiimH 
that,  irrespective  of  the  size,  the  reliabiUty,  effidencyi  and  purdiaae 
price  per  kilowatt  will  be  the  same,  then  the  beat  rasoltB  are  to  ba 
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li^t  Company,  and  placed  in  service  in  December  1917.  (See 
Fig.  4.)  The  high-pressoie  element  of  this  machine  operates  at 
1800  r.p.m.,  and  the  low-pressure  at  1200  r.p.m.  This  unit  has  been 
in  r^idar  service  carrying  loads  normally  of  from  30,000  to  40,000 
kw.  and  peaks  as  hi^  as  50,000  kw.  On  February  18,  1918,  while 
operating  the  machine  to  correct  tiie  balance  oi  one  of  the  generators, 
the  main  bearing  at  the  coupling  end  of  the  hi^[iri[>re8sure  turbine 
burned  out,  apparently  due  to  interruption  of  oil  service  to  that 
bearing.  This  let  the  spindle  down  sufficiently  to  cause  rather  heavy 
blade  rubs  throughout  the  machine.  The  bearing  was  lebablntted 
and  the  machine  put  back  into  service  without  any  other  woi^  being 
done  except  rechecking  the  clearances  and  placing  a  balance  wdg^t 
on  the  spindle  to  correct  for  the  wei^t  rubbed  off  the  blades. 

19  In  July  the  generator  was  damaged  by  electrical  trouble,  and 
while  this  repair  was  being  made  both  dements  <rf  the  turbine  were 
dismantled.  The  high-pressure  rotor  was  returned  to  the  shops  and 
the  damaged  blading  replaced  and  rd[>alanced.  New  Uading  was 
also  installed  in  the  stator  to  restore  original  dearanoes  and  original 
effidendes.  Inspection  of  the  low-i>ressure  d^nent  revealed  several 
broken  blades  which  had  slightly  damaged  the  rest  of  the  blading 
in  their  rows,  requiring  replacement  of  i^proximatdy  If  rows  of 
blading  on  each  end  of  the  machine. 

20  The  dghth  unit,  practically  a  duplicate  of  the  seventh,  rated 
at  45,000  kw.  maximum,  was  placed  in  service  for  the  Narragansett 
Electric  Light  Company  in  Providence  in  January  1918.  In  pladng 
this  machine  in  service  the  labyrinth  packing  on  the  high-pressure 
was  damaged,  due  to  improper  adjustment,  which  necessitated 
temporary  repairs,  keeping  the  machine  out  of  service  until  about 
March.  Since  then  no  trouble  has  been  experienced  except  some 
distortion  of  the  couplings  caused  by  a  series  of  violent  short-circuits. 
Permanent  repairs  to  the  labyrinth  packing  have  been  made  and  n 
coupling  parts  are  to  be  installed  in  the  near  future.  In  the  mean- 
time the  old  parts  are  operating  satisfactorily  without  any  evidence 
of  distress.  This  machine  operates  on  loads  as  low  as  5000  kw.,  and 
has  carried  a  peak  load  of  50,000  kw.  for  periods  of  from  four  to  five 
minutes. 

21  The  ninth  unit  is  a  70,000-kw.,  three-cylinder,  cross-com- 
pound, 25-cycle  machine,  installed  for  the  Interborough  Rapid 
Transit  Company  in  New  York.  The  one  low-pressure  dement  was 
placed  in  sen-ice  April  18,  1918,  operating  on  high-pressure  steam. 
The  high-pressure  element  was  placed  in  service  August  21,  operating 
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inlet  valves).  It  leaves  the  last  stage  at  380  cu.  ft.  per  lb.  when  28} 
in.  is  maintained  by  the  condenser,  and  550  cu.  ft.  per  lb.  when  29  in. 
is  maintained;  that  is,  the  volume  when  exhausting  to  28}  in.  vacuum 
is  166}  times,  and  when  exhausting  to  29  in.  is  241  times  as  large  as 
it  is  at  the  entrance.  This  means  that  if  the  rate  of  steam  flow  be  such 
as  to  require  an  18-in.  steam-inlet  pipe,  and  if  its  velocity  be  main- 
tained the  same  through  the  exhaust  as  through  the  inlet  pipe,  th^ 
when  expanding  to  28}  in.  vacuum  the  exhaust  opening  will  have 
to  be  19  ft.  4  in.  in  diameter,  and  when  expanding  to  29  in.  vacuum 
23  ft.  4  in.  in  diameter.  If,  further,  the  mean  diameter  and  exit 
angle  of  all  the  rows  of  blading  be  the  same  and  the  ratio  of  blade 
speed  to  steam  speed  be  the  same  in  each,  thereby  keeping  the 
theoretical  efficiency  of  all  stages  equal,  and  if  these  blade  and  steam 
speeds  be  so  chosen  as  to  fix  the  height  of  blades  in  the  first  stage  at 
one  inch,  the  last  row  will  have  to  be  approximately  13  ft.  10}  in. 
if  designed  for  28}  in.  vacuum,  and  20  ft.  1  in.  if  designed  for  29  in. 
vacuum.  The  impracticability  of  adhering  to  such  proportions  in 
actual  designs  is  obvious. 
^  29  Rotor  Speeds  and  Blade  Proportions.  Here  is  where  the 
combining  of  conflicting  factors  begins.  In  the  first  stages  the  areas 
and  blade  heights  should  be  kept  large  in  order  to  reduce  the  fesses, 
and  in  the  low-pressure  stages  they  must  be  sacrificed  on  account  of 
practicable  limits  of  mechanical  design.  In  singlen^linder  machines 
where  the  blading  is  all  on  the  same  spindle,  the  problem  becomes 
doubly  difficult. 

30  The  first  determination  is  that  of  rotative  speed,  which  is 
usually  not  difficult  to  make  since  the  frequency  of  the  generator 
restricts  the  permissible  speeds  to  a  few  and  these  are  rather  widefr 
separated.  Ttie  limiting  capacities  at  the  various  permissible  rota- 
tive speeds  for  which  generators  can  be  built  must  also  be  oonsideredi 
although  at  the  present  time  the  practicable  limits  of  turbines  and 
generators  are  reached  at  approximately  the  same  capacities  exoqit 
in  the  case  of  single-phase  generators.  With  these  the  linutiii| 
capacities  are  very  nmch  less  than  with  polyphase  generators. 

31  The  chief  factor  in  ttie  selection  of  the  rotative  speed  is  the 
design  of  the  last  row  of  blades  with  reference  to  hei^t,  diameter 
and  exit  angle,  because  this  is  the  most  important  stage  in  the  entire 
turbine.  In  it  the  mechanical  stresses  and  fatiguing  ^eet  of  vflnar 
tion,  the  B.t.u.  drop,  and  ph3rsical  dimensions,  are  all  greatest 
Consequently,  upon  it  depends  largely  the  reliabililyy  efficien^i  and 
cost  of  thelunit. 
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32  Qere  must  be  considered  the  alternatives  of  a  higher  rotative 
speed  wf th  the  low-pressure  stage  made  multiflow  as  against  a  slower 
rotativQ  spqed  and  single-flow  construction.  The  length  of  blades 
must  nq%  be  excessive  with  reference  to  the  diameter,  not  only  because 
of  the  higher  stresses  in  the  blades  and  rotor,  but  also  because  the 
differenge  ill  velodly  in  the  blades  and  their  tips  and  at  their  roots, 
as  well  %i  the  difference  iL  blade  spacing,  will,  if  too  great,  materially 
impair  tbe  ^ciency. 

33  On  the  other  hand,  if  the  area  through  the  blades  be  restricted, 
the  steapi  velocity  will  become  too  hi^  and  the  bearing  losses  too 
great,  {f  this  restriction  is  carried  to  the  extreme,  the  steam  in 
passing  throu^  the  last  row  of  blades  may  reach  its  critical  velocity 
without  expanding  entirely  down  to  the  condenser  pressure,  in  which 
event  the  remainder  of  the  expansion  takes  place  in  the  form  of  an 
explosion  upon  leaving  the  blade  passages,  andirom  it  only  a  small 
percentage  of  the  energy  is  recovered. 

34  In  order,  therefore,  to  secure  the  most  f^tisfactory  design  for 
the  last  stages,  and  to  permit  the  stresses  or  physical  dimensions  with 
the  ever-present  cost  from  becoming  prohibitive,  several  compromise 
features  should  be  employed. 

35  The  first  of  these  consists  of  increasing  the  rote  *  diameter  and 
blade  heights  until  the  safe  limit  of  stress  is  reached,  keeping  Ihe 
blade  height  within  approximately  one-fourth  of  the  n^tor  diameter 
as  a  limit  of  good  practice.  The  materials  of  which  the  rotor  and 
blades  are  made  will  of  course  determine  the  safe  stresses,  and  on 
account  of  the  great  import  of  safety  and  reliability  in  these  parts, 
only  good  quality  of  plain  or  5  per  cent  nickel  low-carbon  steels  should 
be  used.  These  are  commercially  conmion  materials,  uniform  in 
quality  and  do  not  require  sensitive  heat  treatments. 

36  For  rotors,  cast  or  forged  steel  having  a  tensile  strength  of 
70,000  lb.,  true  elastic  limit  of  28,000  to  30,000  lb.  and  elongation  of 
18  per  cent  in  2  in.  may  be  stressed  to  20,000  lb.  per  sq.  in.,  and  for 
blades,  5  per  cent  nickel  steel  having  a  tensile  strength  of  85,000  lb., 
and  true  elastic  limit  of  35,000  lb.,  may  be  stressed  to  25,000  lb.,  both 
at  20  per  cent  overspeed.  The  stresses  at  normal  operating  speed 
will  therefore  be  13,900  and  17,350  lb.,  respectively,  and  the  factor 
of  safety  against  rupture  approximately  five. 

37  Increasing  the  diameter  not  only  permits  increasing  the  blade 
height  but  also  the  steam  speed  without  materially  affecting  the 
efficiency,  by  reason  of  the  increase  in  blade  speed.  There  is,  how- 
ever, a  slight  falling  off  in  efficiency  with  the  higher  speeds  even 
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though  the  ratio  of  blade  speed  to  steam  speed  be  kept  practicaDy 
constant,  because  the  actual  velocity  of  the  steam  with  reference  to 
the  blade  being  greater,  the  frictional  losses  will  be  greater. 

38  The  second  compromise  consists  of  increasing  the  steam- 
passage  area  through  the  blades  by  changing  the  blade  shape.  This 
change  increases  the  angle  between  the  direction  of  steam  flow  from 
the  blade  and  the  direction  of  the  blade,  and  a  slight  impairment  of 
efficiency  results.  However,  this  loss  is  sUght  compared  to  the  gain 
from  the  higher  ratio  of  blade  speed  to  steam  speed  resulting  from 
the  increased  area.  This  practice  is  standard  on  practicillly  all 
condensing  machines  built  for  high  vacumn. 

39  Mrdtiple  Stages.  The  third  compromise  consists  of  pennit- 
ting  the  steam  speed  to  increase  without  a  corresponding  increase  in 
blade  speed,  thereby  decreasing  the  ratio  of  blade  speed  to  steam  speed 
and  increasing  the  leaving  losses.  This  compromise  may  properiy  be 
employed  up  to  the  point  where  the  loss  of  efficiency  will  justify  the 
increased  expense  of  greater  blade  areas  which  may  necessitate 
dropping  to  a  lower  rotative  speed,  or  emplojring  multiple  stages. 

40  Two  or  more  low-pressure  stages  in  multiple  in  coniiee- 
tion  with  a  single  high-pressure  stage  are  used  when  the  required 
areas  cannot  be  obtained  with  a  single  stage  at  the  rotative  qieed 
chosen,  and  when  it  is  more  feasible  to  employ  multiple  stages  than 
a  lower  rotative  speed.  Other  considerations  favoring  multiple 
stages  are  reduced  physical  dimensions  of  the  exhaust  chamben, 
thus  simplifying  both  the  ribbing  and  bracing  neceesaiy  to  maintain 
the  proper  rigidity  and  ehminating  difficulties  incident  to  ahip|ing 
large  units. 

41  The  design  of  the  higher  stages  usually  involves  only  an 
equitable  selection  of  diameters,  blade  speeds,  and  steam  qieechi 
Keeping  these  low  results  in  low  stresses  and  high  efficiraqr  but 
a  large  number  of  stages  and  high  cost;  while  keeping  them  hi^ 
reduces  the  length,  weight  and  cost,  but  increases  the  BlieiaeB  and 
impairs  the  efficiency. 

42  If  the  steam  volumes  in  the  first  stages  are  relatively  small  for 
the  rotative  speed  employed,  as  would  be  occasioned  by  the  use  of 
high  steam  pressure  or  low  rating,  a  double  velodty-atage  impaliB 
element  may  often  be  employed  to  advantage;  the  advantagBB 
secured  being  reduction  of  length,  increased  diameter,  redueed 
pressure  and  teni{)erature  inside  the  main  cylinder,  and  adaptahiBty 
for  varying  overload  capacity,  but  not  increased  efficiengr  aff 
decreased  cost. 
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ances  and  alignment  under  all  possible  variations  of  operating  con- 
ditions, bearings  and  oiling  system,  control  mechanism,  ^ands. 
couplings,  and  protective  devices  against  overspeeding.  The  stand- 
ard practice  with  r^ard  to  these  as  applied  to  aXL  large  units  built  by 
the  company  with  which  the  writer  is  connected  will  be  here  giTOL 

46  Blading.  All  low-«peed  reaction  blading  in  which  the  stieflNS 
do  not  exceed  about  15,000  lb.  per  sq.  in.  at  20  per  cent  overqxed 
are  made  of  a  special  bronze  composed  chiefly  of  copper  and  a  smaD 
percentage  of  tin  and  phosphorus.  Upon  the  base  of  each  blade  a 
foot  is  forged,  and  the  cross-section  of  the  blade  near  its  base  taper- 
ingly  increased,  adding  approximately  40  per  cent  to  its  area  at  the 
point  of  attachment.  These  blades  are  installed  in  double  dovetafl 
grooves  by  means  of  specially  constructed  spacers  or  interloddog 
pieces,  the  spacers  being  locked  in  the  groove  and  the  feet  of.  the 
blades  locked  underneath  the  spacers.  In  larger  sixes  where  it  be- 
comes difficult  to  drive  up  the  blades  and  spacere  tight  enougli  to 
insure  perfect  fitting  between  the  parts  and  perfect  filling  of  the 
grooves,  compound  side  wedges  are  employed  to  secure  the  leqinte 
tightness. 

47  The  chief  destructive  element  of  all  blading  ia  vibratioD 
caused  by  the  flow  of  steam  and  by  vibration  of  the  entire  rotor  when 
operated  under  conditions  of  defective  balance  or  alignment.  The 
thickening  of  the  blade  section  near  its  base  serves  to  very  GOlladB^ 
ably  reduce  the  ampUtude  of  its  vibration  and  to  prevent  ocmoentnr 
tion  of  deflection  with  its  attendant  crystallixalaon  at  the  point  of 
attachment,  where  the  ordinary  blade  is  weakest.  Blades  for  lugbv 
speeds,  in  which  the  stresses  may  go  as  high  as  25,000  lb.  per  sq.  ii-i 
are  drop-forged  of  a  very  pure  electric-furnace  iron  containing  aboiit 
5  per  cent  of  nickel.  They  are  installed  in  grooves  as  ahown  ii 
Fig.  6. 

48  The  spacers  are  made  integral  with  the  blades,  and  ocxnpoaiid 
side  wedges  are  used  to  insure  a  tight  fit  at  the  top  of  the  groove  and 
protect  the  reduced  portion  of  the  blade  foot  against  vibraiioiial 
stresses.  Impulse  blading  when  used  is  installed  in  the  same  maBoff. 
All  blades  are  lashed  together  to  minimise  the  vibration  and  nMn* 
tain  uniform  spacing.  Blades  up  to  4  in.  in  hei^t  have  a  n^ 
lashing  near  the  top,  from  4  in.  to  12  in.  two,  and  thosB  above 
12  in.  three. 

49  A  proper  design  of  the  turbine  stator  so  as  to  insme  msia- 
tenance  of  clearances  and  alignment  under  all  possible  Tariatioas  of 
operating  conditions,  such  as  reduction  of  steam  pfeiimi  and 
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Fig.  6    Method  of  Installing  Hkih-Spebd  Blades 

50  Exhaust  Chambers.  The  introduction  of  high  vacuum,  bring- 
ing nith  it  large  diameters  in  the  low-pressure  stages  and  enor- 
mous exhaust  chambers,  necessitates  a  considerable  amount  of 
carefully  devised  ribbing  and  bracing  in  order  that  the  bearings 
supported  in  the  exhaust  chamber  structures  will  under  all  condi- 
tions remain  concentric  with  the  stationary  blade-  or  nozzle-carrying 
elements. 

51  Fig.  7  shows  such  reioforcing.  Cast-in  braces  when  employed 
are  always  provided  with  an  open  joint  which  is  made  up  after  the 
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rough  machining  and  anoealiDg  have  beea  done,  thus  avoiding  all 
distortional  stresses. 

52  Cylinders.  The  m^n  oyliuder  castings  are  made  as  plain, 
simple  and  synunetrical  as  possible,  and  the  blade-carrying  element! 
are  almost  invariably  cast  and  finished  separately. 

53  The  turbine  cylinder  is  always  supported  on  the  bedplate  by 
means  of  chairs  or  pedestals  engaging  it  as  near  the  center  line  M 
possible,  and  independent  of  temperature  changes  caused  by  varying 
load  or  operating  conditions.  The  steam  chest  and  throttle  valvts 
are  supported  on  springs  so  as  to  move  freely  with  the  turbine,  eon- 
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scquently  the  alignment  of  the  main  turbine  and  generator  bearinp 
ia  not  affected  by  these  changes. 

54  Bearings.  Practically  every  turbine  dement  ooataioB  thiee 
I}earing9:  two  to  support  the  rotor  and  one  to  maintain  the  knigh 
tudinal  alignment.  The  supporting  bearing  consist  of  heavy  ctil* 
iron  shells  lined  with  babbitt  and  split  borisontally  to  fadlitBto 
removal.  They  are  so  bored  that  for  two-thirds  of  the  circumfeniHe 
the  minimum  clearance  between  the  bearing  and  jounud  ia  ^ipran- 
matcly  0.020  in.,  the  journal  being  normally  supported  and  guidad 
by  Ies»  than  tlic  lower  third  of  tlie  bearing  circumference.  This  laip 
clearance  reduces  to  a  minimum  the  power  lost  and  heat  g 
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57  The  oil  cooler  is  built  along  the  lines  of  an  ordinary  surface 
condenser  and  employs  regular  straight  condenser  tubes.  Every 
part,  including  the  inside  and  outside  surfaces  of  the  tubes,  is  readflj 
accessible  for  thorough  cleaning  so  that  the  original  efficiency  of  the 
cooler  may  be  restored  at  every  cleaning.  The  cooling  water  makes  a 
sufficient  number  of  passes  to  raise  its  temperature  close  to  that  of 
the  oil  so  as  to  decrease  the  quantity  required. 

58  The  strainer  box  contains  three  strainers  of  different  meshes 
which  may  be  removed  and  cleaned  while  the  unit  is  in  service.  If 
they  are  allowed  to  become  choked  up,  the  oil  will  overflow  them 
without  interrupting  the  circulation. 

59  The  reservoir  is  designed  to  cause  impurities  and  fwogn 
matter  to  settle  to  the  bottom  from  whence  they  cannot  get  into  the 
oil-pump  suction,  but  may  be  drawn  off  either  manually  or  auto- 
matically to  a  filtration  system. 

60  The  oil  pump  is  of  the  reciprocating-plunger  type,  direct- 
driven  from  the  main  governor  spindle,  and  is  accessible  for  iIl8pe^ 
tion  or  repairs  without  complete  removal  from  the  turbine. 

61  Governing  Mechanism.  Since  constant  voltage  and  fre- 
quency are  insisted  upon  by  public-service  companies,  good  govemii« 
of  a  turbine  unit  becomes  important.  The  governing  mechanism 
must  be  extremely  sensitive,  positive,  and  quick  to  adjust  itself  to 
small  or  large  changes  in  load  and  at  the  same  time  nigged,  reliafale, 
and  unaffected  by  such  variations  as  occur  in  ordinary  wear  and 
care.  For  these  reasons  the  following  several  features  of  deeign  are 
employed. 

62  On  account  of  the  power  required  to  operate  the  large  vahes, 
some  form  of  fluid-pressure  relay  mechanism  is  neoessaiy.  For  this 
the  regular  turbine  lubricating  oil  under  suitable  pressure  has  proven 
most  satisfactory. 

63  The  governor,  which  is  of  the  flyball  type,  is  made  veiy  laV 
and  powerful  so  that  it  can  control  the  oil  relay  valve  with  ease  and 
accuracy.  It  has  a  minimum  number  of  moving  psurta  and  is  made 
as  frictionless  as  possible  by  the  employment  of  hardened  kniib^dlB 
bearings  in  all  connections  between  the  weights  and  dutch.  It  ii 
driven  from  the  main  turbine  rotor  throu^  worm  and  irfieel  |Ban 
at  a  speed  of  approximately  300  r.p.m. 

64  Unavoidable  inaccuracies  in  machining  of  the  oil  rdaj  eoDtrn 
valve,  friction  and  lost  motion  in  the  governor  and  valve  finkaff? 
and  inertia  of  the  operating  fluid  are  the  chief  obBtadea  to  |Dod 
regulation,  since  the  speed  must  change  sufficiently  to  move  Ae 
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69  In  order  to  secure  the  maximum  protection  against  oyer- 
speeding,  all  the  steam  entering  the  turbine  is  made  to  pass  through 
the  primary  governor-controlled  inlet  valve;  consequently,  if  this 
one  valve  is  kept  in  proper  operating  condition  it  is  impossible  for 
the  speed  to  get  beyond  the  control  of  the  governor,  regardless  of 
whether  or  not  the  overload  valves  leak  or  stick.  Should  either  tbe 
governor  or  primary  inlet  valve  become  inoperative,  a  small  but 
powerful  overspeed  stop  mechanism  installed  in  the  end  of  the  rotor 
shaft  will  come  into  operation  at  approximately  10  per  cent  over- 
speed,  and  release  the  pressure  on  one  side  of  two  small  steam  {nstons 
which  normally  have  full  steam  pressiUB  on  both  sides  of  them.  The 
resulting  movement  of  one  of  these  pistons  will  release  the  main 
spring  on  the  main  throttle  valve,  causing  it  to  close  quickly  and  the 
other  will  admit  high-pressure  oil  to  the  valve  operating  c^ylindtf , 
and  close  if  possible  the  primary  inlet  valve. 
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valves  and  endeavor  to  standardize  them.  In  one  yard  it  was  thus 
found  possible  to  reduce  the  number  of  types  by  20  per  cent.  It  is 
entirely  practicable  to  use  manufacturers'  standard  stock  pattens 
for  nearly  all  valves,  fittings  and  auxiliary  equipment.  This  stand- 
ardization, with  consequent  reduced  costs,  will  be  one  of  the  deciding 
factors  in  maintaining  our  shipbuilding  supremacy  after  the  war. 
Standard  valves  require  fewer  repair  parts  and  these  are  more  easQy 
procurable  for  renewal.  Decided  advantages  may  be  gained  by  still 
further  extending  present  standardization. 

PIPING 

3  A  factor  which  has  influenced  piping  practice  is  the  availability 
of  materials.  For  instance,  copper  piping  in  sizes  suitable  for  steam 
mains  has  become  so  scarce  that  open-hearth  lap-welded  steel  pipe  is 
often  adopted  in  its  place.  The  use  of  copper  piping  has  long  been 
standard  practice  on  shipboard.  This  piping  has  considerable 
flexibility  and  generally  stands  up  well  in  marine  service,  but  it  is  not 
well  adapted  to  superheat  conditions.  Steel  pipe  is  much  cheaper 
than  copper  pipe,  is  more  readily  available,  and  is  well  adi^ted  to  any 
pressures  and  temperatures  that  may  be  encoimtered.  Some  esh 
gineers  fear  that  it  may  lack  the  flexibiUty  of  copper  pipe,  although 
steel  piping  in  central  stations  is  frequently  subjected  to  strains  from 
contraction  and  expansion  as  severe  as  one  finds  on  board  ship;  and 
furthermore  is  frequently  subjected  to  severe  stresses  due  to  un- 
balanced turbine  rotors  and  other  harmonic  vibrations.  The  sub* 
stitution  of  steel  for  copper  piping  is  merely  a  matter  of  marine 
engineers  becoming  accustomed  to  designing  and  inaf-ftlKng  their 
dteam  systems  in  accordance  with  steel-pipe  standards.  In  other 
words,  it  is  dependent  on  their  ability  to  break  away  from  traditional 
practice. 

4  Steel  pipe,  however,  does  not  withstand  corrosion  as  wdl  as 
copper  pipe.  Galvanized  steel  pipe  has  been  tried  for  this  purpose. 
In  time  the  galvanized  material  flakes  off  under  the  influence  of  heal 
and  causes  trouble.  Repeated  painting  of  such  steel  pipe  seems  to 
be  the  best  protection. 

5  Galvanized  pipe  should  be  used  on  sanitaiy  Gystons  and  hSge 
and  ballast  piping.  However,  no  advantage  is  giuned  by  galvan- 
izing the  cast-iron  fittings  of  these  systems.  It  is  also  questionabb 
whether  fuel-oil  piping  in  oil-burning  ships  needs  to  be  galvaniaed 
at  all. 
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VALVES 

11  Standard  types  of  valves  must  be  bought  if  one  is  to  place 
orders  in  the  open  market  imder  present  conditions.  Steel  valves 
are  used  for  superheat.  Some  shipbuilders  even  specify  steel  valves 
for  all  boiler  pressures  of  200  lb.  or  greater.  If  superheat  is  not  used 
the  valves  may  be  extra  heavy,  of  cast  iron  or  semi-steel.  These 
materials  are  also  used  for  auxihary  steam  lines.  Bronze  valves  are 
sometimes  employed  in  the  smaller  sizes,  but  these  are  very  mudi 
more  expensive  than  the  extra  heavy  cast-iron  valves  and  in  sizes  of 
2^  in.  and  over  have  no  advantage  over  them  except  in  lightness  of 
weight. 

12  Valves  2^  in.  and  above  must  have  bolted  bonnets  to  c<Hnply 
with  the  U.  S.  Steamboat  Inspection  Rules.  The  marine  or  cross- 
head  t3rpe  of  yoke  is  much  superior  to  the  standard  cast  yoke  for  ship 
purposes.  It  weighs  less  and  is  generally  stronger  and  more  readily 
repaired.  It  costs  very  httle  more  than  the  cast  yoke,  but  is  not 
"standard"  with  many  builders.  The  latter  yoke  can  be  safdy  used 
for  all  low-pressure  services. 

13  It  is  customary  on  board  ship  to  use  the  screwed-union  boniiet 
on  2-in.  and  smaller  valves.  This  type  of  valve  is  generally  more 
expensive  than  the  ordinary  bonnet  type,  but  has  many  points  of 
superiority  such  as  its  regrinding  facilities,  longer  life  and  leas  lia- 
bility to  damage  when  dismantling.  Valve  manufacturers  generaDy 
make  the  screwed-union  bonnet  valves  in  two  weights,  one  to  with- 
stand 200  lb.  pressure,  the  other  for  350  lb.  pressure.  It  is  therefore 
necessary  to  use  the  200-lb.  valves  for  many  low-pressure  services. 
This  has  considerable  advantages,  for  fewer  t3rpes  of  valves  need  be 
bought  and  their  interchangeability  is  increased. 

14  Cast-iron  or  semi-steel  valves  for  marine  service  are  usually 
required  to  have  a  soUd  bronze  disk  with  bronze  seat.  The  stem 
may  be  of  rolled  phosphor  bronze,  rolled  naval  brass  or  manganese 
bronze.  Gland  studs  and  nuts  should  also  be  of  bronze.  Steel  valvei 
for  superheat  generally  have  monel-metal  disks  and  seats  with  broDK 
or  nickel-plated  steel  stems.  The  bronze  generaUy  used  for  vahe 
bodies,  disks,  seats,  glands,  etc.,  is  the  navy  composition  "M"  ooB- 
sisting  of  copper  87  per  cent,  zinc  7  per  cent,  tin  6  per  centi  and  mv 
contain  lead  up  to  2  per  cent  in  place  of  part  of  the  copper.  The  had 
content  must  be  kept  as  low  as  possible  on  account  of  the  actioo  of 
the  salt  water. 

15  It  is  the  practice  of  many  marine  designers  to  specify  a  flafl|e 
corresponding  to  extra  heavy  standard  on  the  sea  side  of  all  sea  vaheik 
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20  Inspectors  are  frequently  required  to  apply  tests  to  valves. 
In  general,  such  tests  are  specified  in  Lloyd's  and  U.  S.  Steamboat 
Inspection  Rules.  A  satisfactory  standard  for  inspectors  is  to  test 
all  high-pressure  steam  valves  under  hydraulic  pressure  to  three 
times  their  working  pressure  and  to  test  all  other  valves  to  twice  the 
working  pressure  corresponding  to  their  weight  or  classification. 
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plant  for  further  gains  in  fuel  economy.  Such  gains  can  be  made  hf 
increasing  the  temperature  range  of  the  steam,  but  as  the  lower  range 
is  fixed  by  the  temperature  of  the  cooling  water,  the  gain  must  be 
made  by  going  to  a  higher  temperature  in  the  beginning  of  the  qrde, 
which  can  be  done  either  by  the  use  of  higher  steam  pressure  or  bj 
the  application  of  superheat.  It  will  be  shown  later  that  a  comfainir 
tion  of  both  will  give  the  best  results. 

3  The  thermodynamic  or  Rankine-cycle  efficiency  oi  a  turbine 
is  the  ratio  of  the  mechanical  energy  taken  out  of  the  steam  hj  tlie 
turbine  to  the  total  energy  in  the  supplied  steam  when  this  steam  is 
expanded  adiabatically  from  the  pressure  at  the  throtUe  valve  to  the 
exhaust  pressure  in  the  turbine  casing.  (Adiabatic  expansion  takn 
place  when  the  lowering  of  the  temperature  of  the  steam  is  done 
entirely  by  extraction  of  work  from  the  steam.) 

4  The  steam  consiunption  of  a  turbine  when  connected  to  in 
electric  generator  is  generally  stated  in  pounds  of  steam  per  kikywatt- 
hour,  and  is  the  amount  of  steam  required  to  deliver  one  kilowatt  of 
electrical  energy  for  one  hour. 

5  ''  Theoretical  water  rate  "  is  a  term  generally  used  in  all  tmbbe 
investigations,  and  is  the  ratio  of  one  kilowatt-hour  expressed  in  foot- 
pounds (2,654,000)  to  the  available  energy  in  one  pound  of  steam 
expressed  in  foot-pounds.  The  ratio,  therefore,  between  the  tbeo- 
retical  water  rate  and  the  actual  measured  water  rate  gives  the 
efficiency.  When  the  turbine  is.  connected  to  an  electric  geneialflr 
the  combined  efficiency  of  turbine  and  generator  is  generaUy  given. 

w 

FORMULA  FOB  CALCULATION  OF  AVAILABLE  KNSRGT 

6  The  formula  for  calculating  the  avaQaUe  energy  of  steam 
expressed  in  foot-pounds,  either  dry  or  superheated,  when  expandSng 
adiabatically  to  any  back  pressure,  is  seldom  found  in  handbooks  or 
textbooks,  and  when  such  an  expression  is  found  it  is  rather  complfi 
and  difficult  to  use.  The  formula  can,  however,  be  made  veiy  simpk 
when  expressed  as  the  difference  between  the  total  heat  input  and  the 
heat  left  in  the  liquid  together  with  the  latent  heat  in  the  miztnie  at 
the  lower  pressure.     It  then  becomes: 

AvaUable  energy  in  ft-lb.  =  778  [Hi  +  C^i  -  (ft+  xg^] 

where        ^i  =  total  heat  of  saturated  steam  at  initial  pnasnre  pi 
Cp  =  specific  heat  of  superheated  steam 
ti  =  deg.  fahr.  superheat  at  pressure  pi 
qt  =  heat  of  the  liquid  at  lower  pressure  pg 
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GAIN   BT  THE  USE  OF  HIGH  STEAM  PBESSURE 

9  It  has  long  been  recognized  that  a  very  large  saving  in  fod 
could  be  obtained  by  the  use  of  high  steam  pressure.  As  early  as 
1897  DeLaval  in  Sweden  supplied  all  the  power  for  lighting  the 
Exposition  of  Arts  and  Industries  in  Stockholm  with  his  turbo- 
generating  sets  operated  from  boilers  of  his  own  design,  using  over 
1500  lb.  pressure.  The  units  used  were  naturally  small,  four  of  them 
having  100  hp.  each  and  two  of  them  50  hp.  each.  Boiler  manu- 
facturers in  this  coimtry  are  today  prepared  to  build  boilers  for  350 
lb.  pressure  and  see  no  difficulties  in  going  to  500  lb.  or  even  hi^ier. 

TABLE  1    THEORETICAL  GAIN  DUE  TO  THE  USB  OF  HIGH  STEAM  PRESSURE 


Absolute 
prensure,  lb. 

Correspondr 
ing  tempera- 
ture, deg. 
fahr. 

Total 
heat 

Increase  in 

total  heat. 

percent 

Available 
enociyinft- 

to  28.5  In. 
vaeuvm 

• 

Ineraaeeof 

aTailable 

•Dargypar 

eent 

Netpriaii 
riNLpvem 

200 

381.0 
417.5 

1108.5 
1201.0 

272.000 
203,000 

■ 

300 

0.28 

7.72 

7.41 

400 

444.8 

1202.5 

0.33 

304,500 

11.96 

11« 

600 

407.2 

1201.7 

0.27 

312,000 

14.7 

14  O 

000 

480.5 

1100.8 

0.11 

310,000 

17.2 

17  • 

700 

503.4 

1107.4 

0.002 

323,000 

18.7 

1879 

800 

518.5 

1104.4 

-0.342 

327,000 

10.3 

29.11 

000 

532.3 

1191.1 

-0.017 

329.000 

20.0 

21.11 

1000 

545.0 

1187.8 

-0.000 

331,000 

21.7 

21.8 

10  The  theoretical  gain  due  to  the  use  of  high  steam  presBure  ii 
plainly  illustrated  in  Table  1,  in  which  1  lb.  of  dry  steam  at  200  lb. 
pressure  expanded  to  28]  in.  of  vacuum  is  considered  unity.  It 
will  be  seen  that  by  raising  the  boiler  pressure  to  only  500  lb.  there 
is  a  saving  in  fuel  of  14.43  per  cent.  In  money  this  saving  wooU 
amount  to  about  $200,000  a  year  in  a  plant  burning  about  900  tmi 
a  day  with  coal  costing  15  a  ton. 

GAIN  BT  SUPERHEAT 

1 1  The  theoretical  gain  by  superheat  is  sho¥m  by  TaUe  2,  lAiA 
is  calculated  on  the  basis  of  an  initial  pressure  of  250  lb.  giflB  Or 
pandcd  to  a  29-in.  vacuum.  It  will  be  seen  that  this  gain  is  veqr 
small,  being  only  2.9  per  cent  when  superheating  up  to  300  degi 

1 2  The  practical  gain  by  the  use  of  superheat  is  often  eJipiuffd 
by  saying  that  the  water  rate  is  reduced  1  per  cent  for  a  oertu 
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adiabatically  to  29  in.  vacuum  through  a  turbine  of  100  per  eort 
efficiency,  would  result  in  Bteam  of  about  26.5  per  cent  mcHBttiK^ 
whereas  if  the  steam  had  been  superheated  to,  say,  250  deg.,  tUi 
moisture  would  be  reduced  to  about  19  per  cent,  a  reduction  of  ■Imori 
30  per  cent.  In  an  actual  turbine  this  percentage  of  moisture  ii  of 
course  a  great  deal  lower,  depending  upon  the  efficiency. 

15  Table  3  gives  approximately  the  condition  of  the  steam  ia 
all  the  stages  of  a  ten-stage  turbine,  assuming  the  turbine  has  80  per 
cent  efBciency,  is  supplied  with  steam  at  250  lb.  gage  preBsuic,  250 
deg.  superheat,  and  is  exhausting  into  29  in.  vacuum.    For  am- 
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parison  the  lust  column  of  the  table  ^ves  the  steam 
turbine  had  the  steam  been  initially  dry. 

EFFECT  OF  UOIBTUBE  OH  FBICTTON 

16  A  great  many  formulie  and  cur^'es  based  upon  ezperimeBliI 
and  theoretical  data  are  given  by  various  authors  for  caleubtiBl 
the  friction  losses,  and  they  all  have  a  constant  which  varia  Meant- 
ing  to  the  conditions  of  the  steam.  Professor  Moyer,  for  e«wii[Jf, 
in  his  book  on  steam  turbines  gives  a  fonnula  for  rotation  koas  rf 
buckets  and  wheel  disks  in  which  the  constant  C  is  as  foUowi: 


— Su|)crhcat,  licit-— 


50  0  5  10  a 

r -0.875  0.93  1.00  1.08  1.S6  l-M 
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In  other  words,  the  friction  loss  is  twice  as  great  with  20  per  cent 

moisture  as  it  is  with  dry  steam. 

¥  

EFFECT  OF  THBOTTLING 

17  Throttling  of  diy  steam  always  produces  8iq)erheat;  and  it 
has  often  been  sai4  for  this  reason  that  there  is  practically  no  loss  due 
to  throttling,  which  is  true  as  far  as  heat  is  concerned.  There  is, 
however,  a  considerable  loss  of  available  energy.  Tlie  amount  of 
superheat  obtained  by  throttling  is  easily  calculated  because  the 
total  heat  before  and  after  throttling  is  the  same.    Assume  that 


TABLE  3    CONDmON  OF  STEAM  IN  THE  VABI0U8  STAGES  OF  A  TEN-CTAGB 

TURBINE 


AasiiinpUons: 

Stoain  pronuro* ! 

SSOlb.sBSe;  euperfaea*,  280  deg.; 
bine  efficient,  80  per  eeni. 

vacmun  at  eartianrt,  20  in.;  tur- 

SUces 

Steam  prenure, 
lb.  per  aq.  in. 
abe. 

Temperature  ef 

steam,  dec. 

lahr. 

dec 

Fmrmak 
noialare 

Fv  eent  moie- 

twrt  — Twnim 

at«un  inilially 

dry 

Steam  ch«8t 

265 
120 

68 

48 

28 

16 
9 

4.7 
2  4 
1.1 
0.5 

656 

501 
421 
354 

277 
216 
188 
160 
.133 
107 
79 

2S0 

160 

120 

75 

30 

1 

4.40 

2 

6.80 

3 

8.15 

4 

9.80 

5 

0.6 
2.0 
4.0 
6.5 
8.0 
10.5 

11.50 

6 

• 

13.00 

7 

14.50 

8 

16.00 

9 
10 

17.30 
18.70 

steam  at  200  lb.  absolute  pressure  is  throttled  down  to  100  lb.  abso- 
lute pressure;  then 

Total  heat  of  dry  steam  at  200  lb.  abs.  =  1198.1 
Total  heat  of  dry  steam  at  100  lb.  abs.  =  1186.3 

Assume  that  the  specific  heat  of  steam  is  0.5;  then 

1198.1  =  1186.3  +  0.5  X  <i,  or  h  =  23.6  deg, 

18    The  available  energy,  however,  assuming  that  the  steam  in 
both  cases  is  expanded^to  28.5  in.  vacuum,  is: 

270,800  ft-lb.  with  200  lb.  pressing,  dry  steam 

240,200  ft-lb.  with  100  lb.  pressure,  23.6  deg.  superheat, 

or  a  loss  in  available  energy  of  about  11  per  cent. 
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19  High  steam  pressure  with  no  superheat  has  the  disadvanttg!, 
as  will  be  seen  by  the  entropy  diagram,  of  producing  more  moistun 
throughout  the  turbine,  which  means  more  friction.  It  is  therefon 
advisable  to  combine  high  pressm-e  with  superheat  so  as  to  pitMlute 
a  more  efficient  turbine. 

20  Fig.  2  shows  the  ratio  of  available  British  thermal  units  ii 
steam  to  the  total  heat  in  the  steam,  with  feedwater  at  v  tempentmc 
of  90  deg. 


Fio.  2    CimvES  Showing  Ratio  of  Available  B.T.tr.  nf  Sikam  to  Toru. 
Heat  in  Stbau,  Febdwateb  at  90  Dbo.  Fabb. 

21  The  present  practice  in  power  plants  in  this  country  is  to  usr, 
with  turbine  drive,  a  steam  pressure  of  200  lb.  gage  and  about  150 
deg.  superheat  (temperature  of  538  deg.],  with  a  vacuum  of  28.5  in. 
From  Fig.  2  it  will  be  seen  that  the  ratio  of  maximum  available  beat 
for  work  to  the  lotal  heat  is  only  about  31.25  per  cent. 

22  Steam  temperatures  as  high  as  700  deg.  fabr.  are  now  used 
in  Europe,  which  with  a  «teara  presHUre  of  500  lb,  would  give  233  deg. 
superheat.  The  ratio  of  available  heat  for  work  would  then  be  about 
30.3  per  cent,  or  a  fuel  saving  over  the  above  conditiou  of  16  per 
cent. 


23  Turbiae  ge 
efiBdency  of  over  8( 
a  boiler  efficiency  c 
amounting  to  36.3  : 
hour  =  3412  B.t.u., 
hr.  at  the  switchbot 

24  On  the  oth< 
perature  been  used, 
and  using  a  turbine 
88  per  cent  (which 
preheated  combustii 


341 

0.2 

■    11. 

19, 

25 

Diesel-enpr 

0.55  lb.  of  fuel  oil  pE 

inpric€ 

!  than  the  gra 

a  boiler.    It  will  tl 

taken  of  the  varioi 

energy 

of  the  fuel 

steam, 

the  steam 

now  obtained  with  i 

26 

The  consen 

being' 

irery  carefull 

present 

.  time,  and  ii 

cussed 

in  this  paper 

In  the  discussion 
of  questions  were  p 
author  as  follows: 

Dr.  ThiuT-ton's 
round  superheat  wc 
exhaust,  he  said,  i 
pressure  was  used  a 
50  per  cent,     .\ssun 


1134         HIGH  PRESSURE  AND  SUPERHEAT  IN  STEAM  PLANTS 

80  per  cent,  200  lb.  steam  pressure,  and  an  exhaust  pressure  of  28)  in. 
of  vacuum,  in  order  to  obtain  dry  steam  at  the  exhaust  the  superheat 
would  be  above  1000  deg.  or  in  a  territory  that  was  practically  un- 
known at  the  present  time. 

When  the  high-pressure  boiler  was  developed,  it  would,  in  his 
opinion,  be  smaller,  lighter,  and  cheaper  per  horsepower  than  the 
present  boilers. 

In  regard  to  the  question  of  moisture,  for  a  given  turbine  efficiency 
the  moifture  was,  of  course,  the  same  as  the  theoretical.  If  in  prac- 
tice the  moisture  was  found  to  be  excessive,  it  must  be  caused  by  the 
initial  condition  of  the  steam:  it  might  have  less  superheat  than 
assumed,  or  it  might  be  quite  wet  when  entering  the  tiu-bine. 

In  reply  to  the  question  whether  the  first  50  deg.  of  superheat  was 
not  more  effective  than  the  last  50  deg.  of  the  200,  he  would  say  that 
it  was,  because  it  reduced  the  moisture  in  the  high-pressure  end  of  the 
turbine  where  the  friction  loss  is  greatest.  Turbine  nianufactureis 
recommended  50  deg.  of  sui)erheat  because  it  was  easily  obtained  and 
it  at  least  assured  them  of  dry  steam  at  the  throttle.  Very  few  boilers 
gave  dry  steam  in  practice. 

In  regard  to  liigh  superheat  showing  a  great  saving  in  fuel  with 
reciprocating  engines,  it  was  to  be  remarked  that  records  of  several 
European  vessels  operating  with  steam  temperatures  around  700  deg. 
showed  that  the  saving  in  fuel  was  in  some  of  them  as  high  as  17  per 
cent  and  was  sufficient  to  pay  for  the  cost  of  installing  the  apparatus 
for  producing  superheat  in  a  few  trips  across  the  ocean. 

As  to  an  inquiry  made  regarding  the  durability  of  packings,  etc., 
at  the  higher  pressures  and  temperatures,  he  would  say  that  in  all 
probability  no  packing  would  be  used  in  the  piping  system  and  all 
joints  would  have  to  be  welded.  This,  however,  should  not  raise  any 
difficulty.  The  paper  had  been  primarify  intended  to  point  out  the 
direction  in  which  it  wjis  necessary  for  all  to  work  in  order  to  improve 
fuel  economy,  and  to  show  that  the  advantages  derived  by  the  use  of 
high  steam  pressure  and  superheat  were  infinitely  greater  than  the 
disadvantages  duo  to  the  few  i)ractical  difficulties  which  had  to  be 
overcome. 


Ko.  1684 

NECROLOGY^ 


FREDEBICK  BEICSBN  HTTTTON 

Frederick  Remsen  Hutton,  Honorary  Secretary,  Paat-Preeident,  and  for 
twenty-three  years  Secretary  of  the  Society,  ^Ued  May  14, 1918,  at  hk  reaidenoe 
in  New  York  City. 

Professor  Hutton  was  bom  in  New  York,  May  28, 1853.  After  proparatum 
in  a  private  school  in  New  York,  he  entered  Cohimbia  College,  reodving  the 
degree  of  A.B.  in  1873.  After  graduation  he  entered  tiie  Sdiodl  of  Mines,  and 
was  given  its  degree  in  1876.  A  year  later  he  wB8  appointed  instniotor  in  mediani- 
cal  engineering  as  an  associate  of  the  late  Prof.  W.  P.  Trowbridge.  This  was  the 
first  recognition  which  Columbia  gave  to  the  important  relaticms  ol  mBohanlcal 
engineering  to  other  engineering  courses.  He  entered  ihe  faculty  as  adjunet 
professor  in  1881  and  became  professor  in  1890.  Upon  the  death  of  'Ptokmat 
Trowbridge,  in  1892,  the  chair  of  engineering  which  he  had  oocu^iied  was  divided^ 
and  professorships  in  civil  engineering  and  electrical  engineering  were  added  to 
the  already  existing  professorships  of  mining  and  mechimical  engineering.  Pro- 
fessor Hutton  was  made  the  head  of  the  mechanical  engineering  department, 
which  he  directed  until  July  1,  1907,  when  he  resigned,  and  in  appreciation  of  his 
valued  services  was  elected  professor  emeritus. 

At  the  time  of  Professor  Hutton*s  election  to  the  presidency  of  the  Society, 
an  excellent  summary  of  his  work  at  Colmnbia  was  prepared  by  Mr.  Fred  J. 
Miller,  editor  of  the  American  Machinist,  and  published  in  that  journal,  from  which 
the  following  is  taken: 

Perhaps  his  most  significant  achievement  during  theae  yeaxB  of  aeryioe  has  been  the  develop- 
ment of  the  great  mechanical  laboratoriee  of  the  Univeraity,  during  the  period  from  1897  to  1900, 
just  subsequent  to  the  transfer  of  the  institution  fnmi  the  downtown  site  to  ite  present  location  <m 
Momingside  Heights.  This  equipment  includes  the  Baldwin  locomotive  mounted  upon  its  testing 
e<iuipment,  the  triple-expansion  Allis-Reynolds  engine,  which  is  a  three-stage  air  compressor,  and 
the  hydraulic  equipment  of  the  Henry  R.  Worthington  Laboratory.  A  conservative  estimate  of 
the  value  of  this  equipment  as  installed,  is  not  far  from  $100,000. 

It  has  been  the  professor's  belief  that  to  make  experiments  in  illustration  or  confirmation  of 
engineering  formulas  on  engines  or  machines  of  small  sl>e,  is  to  introduce  an  error  not  only  of  degree, 
but  of  kind,  and  that  therefore  the  units  should  be  of  sufficient  rise  to  guard  against  this  difficulty; 
and,  furthermore,  to  make  research  into  new  fields  sufficiently  near  to  the  actual  conditions  of 
practice  so  as  not  to  prov^>  actually  misleading  when  their  results  are  applied.  The  air  compressor 
has  been,  with  him,  a  favorite  form  of  laboratory  apparatus  by  reason  of  its  illustrating  to  the 
student  the  complete  cycle  of  generated  mechanical  energy,  its  storage  in  compressed  air,  and  the 
liberation  of  that  energy  in  a  motor  having  a  cycle  <qmi1<^.r  to  that  of  the  original  steam  cylinder. 


1  Those  members  who  died  while  in  military  or  naval  service  have  asterisks  affixed  to  their 
names. 

1135 


1136  NECROLOGY 

In  no  other  educational  institution  are  there  any  larger  units  than  than  whidi  haw  biiB  kn 
gotten  together. 

The  professor  is  also  an  earnest  exponent  of  such  a  method  of  c<mduetiiis  laboratoiy  iMUw- 
tion  as  to  compel  the  student  to  exercise  his  thinking  faculties,  not  only  in  devising  the  apcriaati 
and  connecting  up  the  apparatus,  but  in  the  interpretation  of  the  results.  In  hie  diaenaioB  of  Ail 
subject  he  has  referred  to  the  more  formal  system  of  definite  instruction  to  the  studente  bif  IhtMt 
of  printed  1(^(8  which  can  be  used  half  automatically  as  failing  to  make  men  out  of  the  i 
The  automatic  or  log  method  he  has  called  the  "cook-book"  system. 


Professor  Hutton  became  Secretary  of  the  Society  in  1883,  three 
its  organization,  which  was  a  critical  time  in  its  history.    The  membenhqi 
less  than  400,  and  there  was  great  difRculty  in  meeting  expenses  from  the 
sum  received  for  dues,  so  that  initiation  fees  had  been  treated  as  avaikble 
income.    The  previous  Secretary,  Mr.  Rae,  had  received  no  salary  and  the 
rent  had  been  provided  by  reason  of  his  relations  with  Mr.  Henry  R. 
ton,  one  of  the  founder  members. 

Professor  Hutton  was  then  a  young  man  of  thirty,  junior  professor  of  a^ 
chanical  engineering  at  Columbia  University,  and  able  to  arrange  to  givv  put 
time  to  the  management  of  the  Society  in  connection  with  his  duties  as  a  tsaslHr. 
He  was  appointed  Secretary  in  March  at  a  salary  of  $1000  per  annum.  Ths 
Worthington  ofhcc  was  given  up  and  for  a  time  the  headquarters  wwe  m  Fko- 
fcssor  Hutton 's  study  at  Columbia  University;  but  it  was  soon  found  dsHnllb 
to  have  a  downtown  ofRce,  and  he  rented  at  his  own  expense  a  room  in  what  was 
known  as  the  Smith  Building,  at  15  Cortlandt  Street,  and  <»"BPbH  an  aMSlant 
whose  salary  he  also  paid.  Professor  Hutton  states  in  liis  History  that:  "IhB 
location  was  chosen  for  it«  nearness  to  the  ferry  and  approaches  throQgb  Ooi^ 
landt  and  Liberty  Streets,  which  were  then  the  downtown  entianoes  to  the  cilj 
from  New  Jersey  and  Pennsylvania.  The  stock  of  volumes  and  extra  statMaMiy 
wore  taken  to  Columbia  University  and  stored  in  a  dark  room  available  on^  for 
such  uses.  The  office  furniture  of  that  modest  undertaking  was  a  KfnUM  and 
Ksijcr  drawing  table,  some  camp  chairs  and  a  specially  designed  stationeiy 
somewhat  along  the  lines  of  the  revolving  bookcases.  There  was  i 
in  use  for  more  than  a  year.  Later  a  bookcase  made  of  pine,  with  certain 
u])  cupboards,  wiis  added  to  receive  the  periodicals  and  exchanges." 

From  that  time  on,  through  the  wise  management  and  strong 
of  the  new  Secretary,  supported  by  the  staunch  founder  members,  who  vers  ths 
backbone  of  the  organization  in  the  early  ilays,  the  Society  grew  and 
coiisistiMitly  year  by  year,  and  one  by  one  its  many  problems  and 
wore  overcome.     In  this  regard  I^ofessor  Hutton  displayed  the 
vision  of  futiuv  ])os8ibilit ies  that  so  characterized  Professor  Thurston,  who 
the  first  President.    This  viewpoint  was  strongly  emphasised  by 
Thiuvton's  presidential  addresseR,  which  arc  recorded  in  the  TsAMaAcnom. 

In  181)0,  the  house  at  12  West  Tliirty-first  Street  was  purchased  for  t60/N10. 
This  had  been  occupied  by  the  Academy  of  Medicine,  and  was  admirably  adaptH 
for  a  Society;  but  its  acquirement  was  an  ambitious  project  for  a  society  witlioat 
funds.  The  financing  was  left  to  a  committee,  of  which  J.  P.  HoUoway,  Stephen 
\V.  Baldwin  and  Professor  Hutton  were  members. 

Bonds  wcn>  taken  u])  by  the  membership  to  the  amount  of  982,000.  A  few 
of  tlie  older  and  wealthier  memlx'rs  became  guarantors  to  make  good  any  de- 
Qiticncy  .should  the  Society  be  unable  to  meet  its  obUgations,  but  they  were  new 
called  ui>on,  and  the  Academy  of  Meiiicinc  took  a  mortgage  of  S33,000.    Fhv 
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thousand  dollars  of  the  amount  raised  was  used  for  alterations  and  fumLvh- 
ings. 

It  was  at  this  home  where  Professor  Hutton  became  so  closely  identified  with 
the  work  of  the  Society  and  formed  so  many  pleasant  associations  with  the 
members  who  came  to  the  meetings  or  drop])cd  in  for  a  social  time.  The  wisdom 
of  acquiring  the  proi>crty  was  shown  when  it  was  sold  in  1906  for  $120,000, 
realizing  a  profit  of  nearly  $60,000,  and  providing  a  fund  which  was  a  molt 
helpful  factor  in  procuring  property  for  the  new  Engineering  Societies  Building. 
the  gift  of  Mr.  Carnegie. 

With  regard  to  the  house  on  Thirty-first  Street,  Professor  Hutton  has  written: 

''It  is  perhaps  difficult  at  this  day  and  with  the  present  strength,  standinit 
and  income  of  the  Society  to  realize  what  an  enormous  step  and  undertaking  the 
piurchase  and  responsibility  for  that  house  were  to  the  modest  men  of  that  day. 
If  it  had  failed,  the  consequences  to  the  Society  would  have  been  most  disastioiit. 
Its  success  was  the  greatest  thing  that  ever  happened  to  it  up  to  that  time  and 
for  many  years." 

Professor  Hutton's  first  meeting  as  Secretary  was  the  Cleveland  meetingt  in 
1S83,  where  the  papers  were  for  the  first  time  distributed  in  advance  by  means  of 
galley  proofs,  with  the  cuts  printed  on  separate  sheets.  From  time  to  time  other 
events  occurred  which  for  some  special  reason  were  particularly  notable.  AmoDK 
these  was  the  trip  to  Europe  in  1889,  which  had  a  wide  influenoe  in  giving  inter- 
national recognition  to  the  Society  and  establishing  the  bond  of  profpwrinnal 
fellowship  between  this  and  the  countries  visited.  Another  was  the  ChicaBO 
Meeting  of  1893,  at  the  time  of  the  Engineering  Congress  held  during  the  Colum- 
bian Exposition. 

Gradually  the  Society  outgrew  its  quarters  on  Thirty-first  Street,  and  after 
Kixtcen  prosperous  years  moved  to  the  splendid  Engineering  Societiea  Buikiinib 
which  it  now  occupies  jointly  with  the  other  engineering  societies.  Profeawr 
Hutton  was  a  member  of  the  Joint  Conference  and  Building  Committee  appointed 
to  carry  out  the  generous  intention  of  Mr.  Andrew  Carnegie  to  provide  a  neoeasuy 
building  for  the  use  of  the  several  societies  and  a  building  for  the  Engineers'  Club, 
and  to  plan  the  proposed  structures.  lie  was  also  Secretary  of  the  Building 
Committee,  and  later  Secret ar>'^  of  the  United  (Engineering  Society.  From  the 
fact  that  the  Civil  Engineers  decided  to  remain  in  their  own  building  and  the 
Mining  and  the  Electrical  Engineers  had  no  buildings  of  their  own,  a  great  many 
meetings  of  the  Committee,  of  wliich  a  total  of  seventy-four  were  held,  bendes 
numl^rless  conferences,  took  place  in  the  house  of  the  Mechanical  Engineen  on 
Thirty-first  Street,  and  during  the  construction  much  of  the  accounting  and  otbv 
business  was  transacted  there. 

Professor  Hutton  was  one  of  the  Board  of  Trustees  of  the  United  Engineering 
Society,  which  is  the  holding  C()r])or2ition  for  the  building. 

At  the  end  of  twenty-three  years'  service  and  coincident  with  the  removal 
to  the  new  l)uil(Iing,  Professor  Hutton  resigned  his  position  aa  Secretary.  He 
felt  that  the  time  had  come  when  the  Society  needed  the  full  time  and  enogies 
of  a  Secn^tary,  and  should  not  l>e  comiH>Ilc<l  to  share  these  with  the  engineering 
department  of  a  university.  It  seemed  ])roi>er  that  the  retiring  secretary,  who 
had  1(mI  tlie  Sxdety  from  the  modest  beginnings  where  he  paid  the  office  rent  out 
of  lus  own  pocket  up  through  the  successive  stages  of  development,  to  the  point 
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where  it  constituted  a  prime  element  in  a  great  engineering  headqurten  tor  the 
wiiole  country,  sliould  be  elected  to  the  presidency.  He  was  made  Aeaideiit  for 
the  year  1906-1907,  and  officiated  in  that  capacity  for  tlie  fint  time  at  the  In- 
dianapolis Meeting  in  1907.  At  the  end  (rf  his  term  he  took  for  his  presidential 
address  the  subject  of  the  Mechanical  Ekigineer  and  the  Fimdioiie  of  the  EngiiH 
eering  Society. 

In  1908  he  was  elected  Honorary  Secretary,  imder  the  comitilutional  prcH 
\isions  which  created  such  an  office,  a  disUnction  which  he  held  mitQ  his  death. 

With  his  varied  and  complex  duties  at  Columbia  Univenity  and  in  the 
secretary's  office  of  the  Society,  it  was  impoesiUe  that  he  should  enter  laigdy  into 
literar>'  productions;  nevertheless,  he  was  the  aothf^  of  aeveial  bools  and  aereral 
papers  presented  to  the  Society.  The  earliest  of  these  was  an  daborate  mono- 
graph on  Machine  Tools  for  the  Census  of  1880.  At  that  time  tedmieal  books 
were  few  and  engineering  periodicals  were  fewer,  and  this  treatise  on  madune 
tools  stood  out  as  one  of  the  important  documents  of  the  time,  and  was  used  1^ 
engineering  schools  for  the  instruction  of  their  students. 

Professor  Button  wrote  two  textbooks,  on  Mechanical  Engineering  of  Power 
Plants  and  on  the  Gas  Engine.  A  distinctive  and  valuable  feature  of  the  former 
was  the  summarizing  of  the  advantages  and  disadvantages  of  the  variooB  types 
and  combinations  of  apparatus  used  in  power  i^ants.  He-  was  editor  for  en- 
cyclopedias  and  dictionaries,  notably  the  Ceaotnry,  of  1911.  He  was  also  an 
occasional  contributor  to  the  engineoing  press  on  mefhanical,  automotive  and 
safety  engineering  subjects  as  well  as  on  technical  edneationy  and  a  nnmber  of 
his  addresses  on  these  and  related  topics  were  accorded  the  wider  pfoUicity  due 
them  by  being  reported  in  the  columns  of  the  current  tedmical  joomak. 

Fortunately  for  the  Society,  Professor  Button  was  prevailed  upon  to  write 
its  history-,  which  was  issued  by  the  Society  in  a  handsome  illustrated  volume  in 
1915.  While  the  pubUcation  is  in  no  sense  biographical  of  any  one  individual, 
and  refers  to  Professor  Button  by  name  in  only  a  few  instances,  it  must  nev»>- 
theless  be  regarded  as  largely  a  history  of  his  own  endeavors  and  accomplish- 
ments, and  will  long  remain  a  valued  and  cherished  volume  to  many  of  his  friends 
and  fellow-members.  Special  attention  should  be  called  to  the  chapter  on  Some 
Principles  of  Society  Philosophy,  which  embodies  a  remarkably  comprehensive 
statement  of  the  stages  of  development  of  a  great  engineering  society  and  the 
principles  underlying  them. 

In  1911  Professor  Button  ser\'ed  as  consulting  engineer  to  the  Department  of 
Water,  Gas  and  Electricity,  New  York  City,  and  from  1905  to  1911  was  vice- 
chairman  of  the  Museum  of  Safety.  Be  was  consulting  engineer  to  the  Auto- 
mobile Club  of  America  and  chairman  of  its  Technical  Committee  from  1912,  in 
which  capacity  he  super\'ised  the  important  testing  work  conducted  by  the  club 
in  its  laboratory-.  He  was  one  of  the  first  engineers  to  use  an  automobile  and  to 
enter  into  a  study  of  automobile  construction. 

Professor  Button  was  active  in  Society  affairs  in  many  ways  after  serving  as 
President,  particularly  as  a  member  of  the  Conunittee  on  Constitution  and  By- 
La  w.s.  In  this  work  he  endeavored  to  meet  in  a  broad  and  progressive  spirit  the 
new  con«  lit  ions  wliich  were  imposed  upon  the  Society  by  its  growth  and  expansion 
into  various  fields  of  act ivit y  and  the  establishment  of  its  many  Sections.  He  had, 
as  always,  a  clear  vision  of  tlie  future  and  laid  his  plans  accordin^y.  He  was  also 
a  member  of  the  John  Fritz  Medal  Board  of  Award.    His  interest  in  yomig  men 
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was  evidenced  by  his  sc:rvice  on  the  Student  Branch  Ck)minittee  of  the  Soriefy. 
He  often  presided  at  meetings  and  represented  the  Society  on  special  occasiooi, 
which  he  always  did  with  a  distinction  and  grace  of  manner  peculiarly  his  own. 
Here,  as  on  all  occasions,  his  felicity  of  expression  and  ready  wit,  his  oordiality 
and  withal  his  dignity,  were  strong  characteristics. 

In  1882  Columbia  conferred  upon  him  the  degree  of  Ph.D.  and  in  1904  the 
degree  of  Sc.D.,  which  is  the  highest  distinction  which  ths  Umversity  places  upoo 
one  for  scientific  and  engineering  training. 

Letters  of  appreciation  of  the  life  and  services  of  Professor  Hut  ton  were 
received  by  the  Society  from  the  following  members  —  all  friends  of  long  standing: 
Wm.  H.  Wiley,  Charles  T.  Main,  Jesse  M.  Smith,  Alex.  C.  Humphreys,  Oberbi 
Smith,  Henry  Harrison  Suplee,  Geo.  M.  Bond,  Worcester  R.  Warner,  Robert  W. 
Hunt,  Ira  N.  Hollis,  W.  M.  McFarland,  Ambrose  Swasey,  W.  F.  M.  G'jsb,  D.S. 
Jacobus,  John  R.  Freeman,  Calvin  W.  Rice,  James  Hartness  and  Jclin  A.  Bri- 
shear.    These  tributes  were  published  in  The  Journal,  June  1918,  pp.  475-477. 

WILLIAM  SICKLES  ACKEBMAN 

William  S.  Ackerman,  engineer  and  architect,  died  on  November  11, 1918,  of 
heart  faUuie,  after  a  brief  illness.  He  was  engaged  at  the  time  in  the  aervieeof 
the  Ordnance  Department,  U.  S.  A.,  as  supervising  engineer  of  the  Govdwnent 
Carbocoal  plant  being  erected  at  Russell,  near  Clinchfield,  Vs. 

Mr.  Ackerman  was  bom  in  November,  1868,  in  Paterson,  N.  J.  lie  leeeived 
his  technical  education  at  the  Stevens  Institute  of  Technology,  and  was  gradu* 
ated  in  1801,  with  the  degree  of  M.E.  His  earlier  work  was  in  the  West,  wfaoc 
he  acted  as  Colorado  agent  for  the  IngersoU-Sergeant  Drill  Co.  as  draftsman  and 
mechanical  engineer  for  the  Standard  Smelting  and  Refining  Co.  of  DuranfO, 
Colo.,  and  rs  assistant  superintendent  of  the  Pelican-Dives  Mining  ComptDy 
at  Silver  PI  me,  Colo.  From  1893  to  1897  he  was  chief  engineer  of  the  NaUoul 
Lead  Co.  ile  then  formed  the  partnership  of  Ackerman  A  Roes,  Engineen 
and  Archit<  i  ts,  which  in  1902,  on  the  retirement  of  Mr.  Roes,  became  Ackermaa 
&  Partridg*.  The  work  done  by  these  firms  covered  nearly  eveiy  bnmeh  of 
the  professi  >n.  It  included:  Carnegie  libraries  at  Washington,  D.  C,  Atlanta, 
Ga.,  San  Diego,  Cal.,  Port  Jervis,  N.  Y.,  and  Bucknell  Univernty,  Lewistoo, 
Pa.,  engineering  and  chemical  laboratories  at  Stevens  Institute,  etc.,  oomt 
houses,  banks,  office  buildings,  schools  and  factories  in  many  states.  PeriMpi 
the  most  notable  of  these  from  a  scientific  standpoint  was  the  Morton  Memorial 
laboratory  at  Stevens  Institute  of  Technology.  Mr.  Ackerman  made  a 
study  of  the  requirements  of  a  chemical  laboratory  and  put  forward  a 
containing  so  many  new  and  admirable  features  that  it  has  served  as  a  modd 
for  many  of  the  more  ret  ent  laboratories. 

On  the  dissolution  or  the  firm  of  Ackerman  &  Partridge  in  1905,  Mr.  Adv* 
man  went  into  consul. mg  practice  in  mill  construction  and  power  planta  aad 
in  1907  became  a  member  of  the  Passaic  Valley  Surveys  Commiawon,  whidi  he 
served  in  tlic  capacity  of  secretary,  until  1913,  when  he  returned  to  prirale 
practici\  In  1910  he  went  with  the  O'Rourke  Engineering  Coneinietiaa  Com- 
pany OA  expert  in  patent  litigation.  While  so  engaged  he  offered  hk  miimm 
to  the  Army  Ordnance  Department,  and  by  a  singular  ooineidenee  died  m 
ser\'irc  it  the  plant  in  Virginia  on  the  day  the  armistice  was  declared. 
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He  then  began  work  in  his  chosen  profession  as  civil  and  railroad  engiiieer 
and  on  going  West  was  active  in  the  earliest  days  of  the  Union  Pacific  Railway. 
During  his  career  he  held  the  position  of  superintendent  of  works  of  the  Onion 
Electric  Sign  Signal  Co.,  Boston,  and  the  same  later  with  the  Union  Switch  k 
Signal  Co.,  Pittsburgh.  He  was  for  five  years  superintendent  with  the  Hall 
Typewriter  Co.  and  for  eleven  years  railroad  representative  for  the  Crosby 
Steam  Gauge  &  Valve  Co.,  Boston.  He  was  also  associated  for  a  period  with 
the  Ewald  Iron  Co.,  St.  Louis. 

Mr.  Bates  was  an  inventor  of  note  and  his  later  years  were  devoted  to  in- 
venting, although  in  a  less  active  way  than  formerly.  He  became  a  member 
of  the  Society  in  1899.    He  died  very  suddenly  on  July  23,  1918. 

HENRY  ARTHUR  BAYFIELD 

Henry  A.  Bayfield  was  bom  in  Charlottetown,  Prince  Edward  laUnd, 
Canada,  on  June  19,  1873.  He  was  graduated  from  McGiU  Univeraity,  Mon- 
treal, in  1896,  with  the  degree  of  Bachelor  of  Applied  Science,  having  taken  the 
mechanical  engineering  course. 

The  first  two  years  after  his  graduation  he  spent  at  the  shops  of  the  Inter- 
colonial Railway,  Moncton,  N.  B.,  as  machinist  and  junior  mftflliAnitt^J  dnfte- 
man,  and  in  testing  locomotives  on  the  road.  He  was  also  a  year  in  the  Great 
Northern  Railway  shops  at  St.  Paul,  Minn.,  where  he  was  draftsman  in  diar^B 
of  the  office;  later  he  was  made  superintendent  of  the  company's  shops  at  West 
Superior,  Wis.  For  a  short  period  he  was  with  the  Dardanelles  Mining  Com- 
pany, Sandon,  B.  C,  overhauling  and  operating  their  plant.  From  1899  to 
1900  he  was  connected  with  the  Albion  Iron  Works  and  Victoria  Machinery. 
Depot,  Victoria,  B.  C,  as  a  designer  of  small  marine  engines,  boilers,  etc.,  leav- 
ing this  firm  to  become  senior  designer  on  dredging  and  hoisting  ma<diineiy« 
air  compressors,  shop  appliances,  etc.,  with  the  James  Cooper  Mfg.  Co.,  Mon- 
treal. In  1901  Mr.  Bayfield  was  appointed  mechanical  BUperintendent  in 
charge  of  dredging  fleet,  shops  and  shipyard  for  the  Harbor  CommiflBiDnen  of 
Montreal.  About  three  years  later  he  entered  on  private  praotioe  in  Van- 
couver, B.  C,  and  with  the  exception  of  an  interval  with  the  British  Columbia 
General  Contract  Company,  continued  in  private  practice  untQ  1909^  when  he 
entered  the  service  of  the  Department  of  Public  Works  of  Canada,  being  ap- 
pointed 8ui>crintcndent  of  dredging  for  British  Columbia.  In  December  1912 
Mr.  Bayfield  was  made  chief  engineer  in  charge  of  all  estimating  and  <i— igning 
of  the  Vancouver  Machinery  Depot  Company,  where  he  remained  untfl  191S» 
when  he  was  again  called  upon  by  the  Dominion  Government  to  design  a  Mlf- 
pr(>i)clling  hydraulic  dredge.  In  1914  he  returned  to  private  praotioe  at  Van- 
couver, B.  C,  engaging  principally  in  consulting  work  in  connection  with  dredg- 
ing and  marine  matters,  but  was  called  in  1915  to  the  Department  of  Railwaji 
and  Canals  of  Canada  to  take  the  position  of  mechanical  engineer  in  eharge  of 
all  ni('(!hamcal  and  marine  work  at  Port  Xclnon,  Manitoba.  Late  in  the  auoe 
year  Mr.  Bayfield  became  chief  engineer  with  Norton,  Griffiths  ft  Co.,  Ltd., 
St.  John,  N.  B.,  in  connection  with  the  harbor-improvement  oonftnust.  In 
1010  he  was  (tailed  on  by  the  British  Ministry  of  Munitions  of  War  to  take  ehai^ 
of  the  iMifield  rifle  pro<iuction  at  the  Winchester  Repeating  Arms  Company, 
New  Haven,  Conn.,  where  he  remained  until  the  summer  of  1917,  when  he  wae 
appointed  engineer  in  charge  of  the  (.)Kdon  Point  assembly  plant  of  the  Imperial 
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which  he  was  graduated  in  1910  with  the  degree  of  M.E.  His  first  employment 
was  with  the  Chicago  &  Northwestern  Railway  Co.,  Chicago,  111.,  as  special 
apprentice.  In  the  early  part  of  1911  he  became  connected  with  the  Interna- 
tional Harvester  Co.,  and  had  charge  of  the  production  in  the  tractor  woria, 
Chicago.  His  next  position  was  with  the  H.  W.  Schott  Co.,  engineers  in  Chicago, 
where  his  duties  gave  him  charge  of  construction  on  the  power  house  of  a  hydro- 
electric development  at  Ballville,  Ohio.  For  a  short  period  in  1913  he  worked  in 
the  mechanical  department  of  Sargent  &  Lundy,  an  engineering  firm  in  Chicago, 
leaving  to  become  draftsman  in  the  shop-engineering  department  of  the  Chicago  ft 
Western  Indiana  Railroad  Co.  At  the  outbreak  of  the  war  he  was  employed 
as  mechanical  draftsman  in  the  Rock  Island  Arsenal,  111.  He  resigned  from 
this  position  to  enlist  in  the  23rd  U.  S.  Engineers.  He  was  killed  in  action  in 
France  on  September  13,  1918. 

Sergeant  Berges  became  a  junior  member  of  the  Society  in  1914. 

LAWRENCE   HOWARD   BERTSCH  * 

Lawrence  H.  Bertsch,  Captain  in  the  Engineering  Division  of  the  Ordnanee 
Department,  U.  S.  Army,  died  at  the  Walter  Reid  Hospital,  Washington,  D.  C, 
on  October  13,  1918,  after  a  four-days'  illness  of  influenaa  followed  by 
pneumonia. 

Captain  Bertsch  was  bom  in  Cambridge  City,  Ind.,  on  October  18,  1879. 
He  attended  Earlham  College,  Richmond,  Ind.,  from  1898  to  1901.  In  1902 
he  received  his  A.B.  degree  from  Indiana  University  and  the  foUowing  year 
entered  the  University  of  Michigan,  from  which  he  was  graduated  with  the 
degree  of  M.E.  in  1907.  From  then  until  his  enlistment  in  June  1918  in  the 
U.  S.  Army  he  was  associated  with  Bertsch  &  Co.,  Cambridge  City,  Ind.,  manu- 
facturers of  shears,  punches,  rolls  and  presses.  He  served  in  varioua 
in  office  and  plant,  including  those  of  sales  manager,  superintendent, 
manager,  cliief  engineer  and  finally  as  vice-president  of  the  company. 

He  became  a  member  of  the  Society  in  1918.  He  was  also  a  member  of  the 
Engineering  Society  of  Indiana. 

ALFRED  BETT8 

Alfred  Beits  was  bom  on  October  1,  1835,  in  Wilmington,  Del.,  and  was 
educated  at  the  Friends'  School  there.  He  served  his  apprenticeship  with  the 
firm  of  Puscy,  Jones  &  Bctts,  Wilmington,  afterward  becoming  a  menober  of 
the  firm.  He  was  a  partner  in  the  firm  of  E.  &  A.  Betts,  manufacturen  of 
machine  tools,  and  later  became  president  of  the  Betts  Machine  Co.,  until  hk 
retirement  in  1889.  He  was  a  member  of  the  Board  of  Water  ComminkHierfl 
of  Wilmington  for  six  years. 

Mr.  Betts  died  on  December  1,  1918.  He  became  a  member  of  the  Society 
in  1881. 

ALBERT  BLAUVELT 

Albert  Blauvelt  was  born  in  Philadelphia,  Pa.,  on  June  7,  1882.    After 
graduation  from  the  Kingston  Academy,  Kingston,  N.  Y.,  he  served 
ticcship  in  the  drafting  room  of  F.  L.  Iloberts,  New  York.    From  1879  to 
he  was  connected  with  the  McEntcc  Locomotive  Works,  Rondouty  N.  Y.,  and 
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From  1890  to  1893  he  was  district  engineer  of  the  southern  district  for  the 
Edison  General  Electric  Co.,  designing  and  supervising  the  ligbt  or  street  nil- 
way  plants  of  Charlotte  and  Raleigh,  N.  C,  Atlanta  and  Savannah,  Ga.,  Chattar 
nooga,  Nashville  and  Memphis,  Tenn.,  and  of  a  number  of  other  aouthem  dtiei. 
From  1893  to  1896  he  was  connected  with  contracting  work  in  Memphis.  Later 
he  opened  consulting  offices  in  New  Orleans,  La.,  where  he  oompleted  engineering 
work  in  connection  with  the  new  Hotel  Denechaud,  and  the  Great  Southfltn 
Co/s  Light  and  power  installation  at  Bogalusa,  La. 

Mr.  Borde,  at  the  time  of  his  death,  December  17,  1918,  was  by  all  odds 
one  of  the  most  prominent  consulting  engineers  in  the  city  of  New  Orieaas. 
He  was  retained  by  the  Great  Southern  Lumber  Co.  and  also  by  the  United 
States  Industrial  Alcohol  Co.  Li  connection  with  his  work  for  the  latter,  his 
investigations  in  regard  to  the  process  of  manufacture  of  ethyl  alcohol  from 
wood  waste  was  probably  his  most  important  work.  He  also  did  a  large  amount 
of  industrial  and  other  appraisal  work  throughout  the  southern  states.  He 
was  one  of  the  oldest  members  of  the  New  Orleans  Section  of  the  Society, 
having  become  a  member  in  1909. 

AUGUST  H.   BORNHORST* 

Lieut.  August  H.  Bornhorst  was  bom  on  August  1,  1888,  in  St.  Maiy'i^ 
Ohio.  He  received  his  early  education  in  the  schools  of  St.  Mary's  and  then 
attended  Ohio  State  University,  from  which  he  was  graduated  in  1911  with  the 
degree  of  M.E. 

He  first  worked  with  the  Ford  Motor  Co.,  Detroit,  Mich.,  as  mmM^anm 
designer  on  a  5000-hp.  gas  engine.  In  March  1912  he  was  assigned  throng 
a  civil-service  appointment  to  the  U.  S.  Engineer's  Office,  Seattle,  Wash.,  as 
mechanical  draftsman,  where  he  designed  cranes  for  hiinHling  concrete  work 
and  designed  and  laid  out  lock  gates,  lock-gate  machinery  and  a  pfopoeed 
emergency  dam.  In  March  1916  he  became  connected  with  the  Puget  Sound 
Navy  Yard,  Bremerton,  Wash.,  as  a  marine-boiler  and  engine  draftsman. 
Later  ho  was  connected  for  a  short  i)eriod  with  the  Seattle  Machine  Works. 

In  July  1917  he  entered  the  service  as  a  first  Ueutenant  in  the  Sgnal  Offiosrs' 
Reserve  Corps  and  was  afterward  transferred  to  the  Aircraft  Production,  Air 
Service  Branch  of  the  Army,  in  which  he  was  serving  at  the  time  of  his  death, 
December  7,  1918. 

Lieutenant  Bornhorst  became  a  junior  member  of  the  Society  in  1916. 

EMIL  BREZINSKT 

Emil  Brezinsky  was  born  in  New  York  City  on  March  4,  1867.  He  mm 
educated  in  the  public  schools  of  Minneapolis  and  attended  the  Umvenity  off 
Minnesota.  He  scr\'C(l  his  apprenticeship  with  the  Wilford  Mfg.  Co.,  Minne- 
apolis. From  1898  to  1907  he  was  connected  with  the  Allia-Chalmen  Co.t 
Milwaukee,  as  draftsman,  and  later  as  chief  draftsman  on  mill 
power-plant  work  and  in  designing  and  superintending  of  oonetmetion 
He  was  next  associated  with  the  Minneapolis  Steel  ft  Machinery  Go.  in  the 
engine  and  mechanical  department  as  chief  draftsman  and  MBiBtant  engjnev; 
he  also  designed  and  developed  gas  and  steam  engines,  and  from  1910  to  1911 
was  acting  chief  engineer  of  the  company. 
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Mr.  Breansky  spent  a  number  of  years  ni  Bnaia  reprafeating  the  Allia- 
Chalmera  Co.,  and  later  the  Intonatknial  Engineering  and  Trading  Co.  At  the 
time  of  his  death  in  F^niaiy  1918  he  was  oonneeted  with  the  Sftving-fleoti 
Mfg.  Co.,  Minneapolis, 

Mr.  Breonsky  became  a  member  of  the  Society  in  1912. 

QAIL  H.  BBOWNS 

Gail  H.  Browne  was  bom  on  Mazeh  12,'  1S71«  m  Salem,  N.  Y.  He  was 
educated  in  the  public  and  hif^  sdioob  of  C^iicago^  attwiding  also  the 
Chicago  Medical  College.  He  also  qient  two  yean  in  the  Dental  and  Madied 
College  of  Northwest^n  University, 

He  spent  the  first  five  years  after  leaving  eoOege  as  surveyor  and  dmltman 
with  the  Chicago  A  North  Western  Raihpray  and  then  with  the  Interoaliooal 
Harvester  Co.,  and  Swift  &  Co.,  at  Queago.  In  1897  he  beeame  XT.  8.  inspeetor 
of  pier  woric  and  dredging  in  the  Grand  Rapids  distriet.  After  one  year  in  this 
district  he  became  engineer  in  charge  of  the  civil  engineering  deparCmenl, 
McCormick  division  of  the  International  Harvester  Co.  In  1905  he  was  en- 
I^yed  by  Ford,  Bacon  &  Davis,  engineeta.  New  York.  Smee  that  time  he 
has  been  actively  engaged  by  this  firm  on  inqiortant  deagn  and  eonslraelion 
woric,  princqwlly  at  Qiieago,  Memphis^  New  Orieans^  Alientown,  Pa.  and  in  the 
New  York  oflfioe. 

Mr.  Browne  died  at  his  home  in  (Sen  Badge,  N.  J^  on  Deeembsr  7,  1918. 
He  was  a  member  (d  the  Louisiana  Engineering  Sodelj.  Ha  beenne  a  nMn- 
ber  of  the  Society  in  1916. 

CHABLE8  MXTNBOE  BURGESS 

Charles  M.  Burgess  was  bom  in  1843  in  Mifhigsn.  He  served  his  appren- 
ticeship with  his  father,  a  manufacturer  of  machinery  in  Vi^ndsor  Locks,  Conn* 
For  about  seven  years  be  woriced  in  the  U.  S.  Armory  at  Springfield,  Mass.,  and 
with  the  Collins  Co.,  CoUinsviDe,  Conn.,  obtaining  valnaUe  diop  experienee. 
In  1S66  he  became  aseodated  with  the  Aetna  Cutlery  Worics,  New  Britain, 
Conn.,  and  about  a  year  later  entered  the  emjAoy  of  ITnssfll  4  Erwin  as  tool 
maker  and  was  promoted  shortly  to  foreman  of  the  marhine  diops  and  in  U79 
to  the  position  of  Euperint&ndent.    In  1S98  he  retired  from  aedve  ImsineBS  life. 

Mr.  B'irgeas  was  a  member  of  Company  C,  25th 


Volunu^er  lufbuxry,  during  the  Civil  War.    He  died  on  September  27,  lfl& 

He  becanje  a  life  njember  of  the  Society  in  1S97. 

WILLIAM  BURNHAM 

Wini^iiii  Bur-.h^.Tfi  wb£  bom  in  Philadelphia  on  Uareh  20,  tfM.  He  was 
e-iuc£i:<ed  i:^  pr:v2i*u^  v^-'yAh  in  Philadelphia  and  AJkaaUrm,  Pa.,  and  at  the  Law- 
reLoe  SdeLtlr.';  .Scr^^y^.  C  •a2:j}>ridjK,  Mass.  After  ^Kuding  seme  yean  in  the 
e.iip]oy  if  :L^  h's..':*::.  lyjfyjusfA^r^i  Works,  in  IWTl  he  became  aswcmr  for  Wil- 
lihiz:  h  I'y/i.'zz.  -» :. '.  ij^t  r^&jj  ifii^urbd  su«3  loocAzirc^ive  tires  in  the  Vwcted  isiLaUm, 
\^~ijeL  :L^  ^rsoLjj'i^.  «&£  r^^orpLmjM^d  us  the  Btsuidiird  Bted  WoriLS,  he  was  made 
sr-crer^r:-    br. :  xr^^tj^- ^^fT .  tijs/shrj'jfojXH  \j/^;touaaii%  ehainnan  of  Umt  bosnL    He 
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Mr.  Bumham  was  a  memL)er  of  a  number  of  clubs.  He  was  prendent  of 
the  Penn^lvania  Working  Home  for  Blind  Men.  He  became  an  mwnriitft  of 
the  Society  in  1888.    He  died  on  February  25,  1018. 

GEORGE  GOODWIN  CALDWELL 

Cjeorge  G.  Caldwell  was  bom  on  June  22,  1857,  in  Peoria,  Dl.  He  wu 
educated  in  the  public  schools  of  Michigan  and  at  Olivet  College,  Olivet,  MidL 
He  served  an  apprenticeship  as  machinist  with  the  Benjamin  &  Fiacber  Cc, 
Chicago,  111.,  from  1878  to  1880  and  then  worked  for  the  next  five  years  in  varioai 
shops  in  Massachusetts  and  Rhode  Island,  gaining  general  ezperienoe  in  tbe 
construction  of  steam  engines  and  boilers.  About  1890  he  became  engineer 
for  the  Calumet  Electric  Street  Railway  Co.,  Chicago,  and  installed  its  plant. 
Subsequently  he  went  into  business  for  himself  as  construction  engineer.  Fran 
1907  to  1909  he  was  connected  with  the  Wheeler  Condenser  A  Engineering  Go^ 
Chicago,  erecting  and  operating  machinery.  In  July  1910  he  entered  the  em- 
ploy of  H.  M.  Byllesby  &  Co.  as  construction  superintendent  on  installmtioM 
covering  buildings  and  general  power-plant  machinery,  and  remained  in  that 
capacity  except  for  a  short  interim  until  his  death,  on  July  27, 1918.  Wbile  in  tliii 
position  he  had  complete  charge  of  the  installation  of  important  works  for  the 
Oklahoma  Gas  &  Electric  Co.;  Oklahoma  City,  Okla.;  the  Northern  State 
Power  Co.,  Minot,  N.  D.;  the  Union  Light,  Heat  &  Power  Co.,  Fargo,  N.  D.; 
the  Interstate  Light  &  Power  Co.,  Galena,  111.,  and  the  Ottumwa  Railway  & 
Light  Co.,  Ottumwa,  la. 

Mr.  Caldwell  became  an  associate-member  of  the  Society  in  1916. 

CHARLES  C.   CHRI8TENSEN 

Charles  C.  Chrif  tensen  was  bom  on  September  30,  1851,  in  Copenhaflen, 
Denmark.  He  attended  the  technical  college  at  the  Navy  Yard,  Horten,  Norway, 
where  he  studied  marine  and  mechanical  engineering.  He  served  an  appna- 
ticeship  in  shop  practice  and  drafting  from  1871  to  1875  in  Norway.  The  not 
four  years  he  worked  with  the  firm  of  Jansen  &  Dahl,  Norway,  as  a  iVniipirr  on 
iron  vessels  and  on  engines. 

In  1880  Mr.  Christensen  came  to  the  United  States,  where  he 
ployed  by  the  Allis-Chalmers  Co.  as  draftsman.  From  1882  to  1888 
tion  was  that  of  designer  of  mining  machinery  and  at  the  end  oi  that  period  ht 
was  placed  in  charge  of  the  engineering  and  drafting  department.  iVom  1889 
until  the  time  of  his  death,  December  13, 1918,  he  held  the  position  of 
engineer. 

Mr.  Christensen  was  the  author  of  a  number  of  articles  relating  to 
machinery  which  have  been  published  in  both  American  and  ^^wgiiA 
journals  and  also  translated  for  Spanish  and  German  technioal 
He  became  a  member  of  the  Society  in  1890. 

HOWARD   L.   COBURN 

Howard  L.  Cobmn  was  bom  in  Patten,  Me.,  in  1807.  He  was  gradnifitiF 
in  1887  fnun  the  Massachusetts  Institute  of  Technology  and  up  to  the  time  of 
his  death  had  been  a^idociated  in  its  development. 
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Mr.  Cobum  designed  some  of  the  largest  ootton  mills  and  power  idants  in 
New  England  and  until  1904  devoted  himself  to  that  pbaae  of  his  ptofeflsion. 
About  that  time  he  became  associated  with  tiie  Amburaen  Gonalniction  CSo., 
New  York,  as  chief  engineer  and  director,  and  in  that  capacity  began  the  building 
of  dams. 

One  of  the  most  important  of  his  works  was  the  ooDfltruotion  of  the  Qqb!^ 
abal  Dam  for  the  Unit^  States  Irrigation  Service  in  Porto  Rico.  He  abo  put 
the  Bassan  Dam  across  the  Bow  River  in  Alberta  for  ihe  Canadian  Pacific  Rail- 
way,' and  the  Jordan  River  Dam  on  Vancouver  Island,  B.  C.  In  tiiis  oountiy 
he  built  the  Shoshone  and  Laprelle  Dams  in  Wyoming,  the  dam  at  Akron,  (Xuo» 
and  the  ^ttsfield  Dam,  located  at  Fittsfield,  Mass. 

In  addition  to  this  work  he  was  associated  as  consulting  engineer  with 
Henry  L.  Doherty  &  Co.,  E.  W.  Clarice  A  Co.  and  H.  M.  BjOahy  A  Co. 

Mr.  Cobum  was  a  member  of  the  American  Society  of  Civil  Ikiginasnt 
the  Engineers'  Clubs  of  New  York  and  Boston  and  of  the  Technology  Qub. 
He  became  a  member  of  the  Society  in  1901.    He  died  on  June  Iff,  1018. 

LESTER  WABBEN  COGSWELL 

Lester  W.  Cogswell  was  bom  in  January,  1880,  at  Chariestown,  Mass.  He 
was  educated  in  the  public  schools  of  that  dty  and  was  graduated  from  the 
Mechanics*  High  School. 

In  1898  Mr.  Cogswell  obtained  emplo3rment  in  the  engineering  diq[»rtnient 
of  the  B.  F.  Sturtevant  Co.,  Jamaica  Plain,  Mass.,  where  he  served  a  two-year 
apprenticeship.  Later  he  was  associated  with  the  following  firms:  the  Maeon 
Regulator  Co.,  Dorchester;  the  Blake  Pump  Works,  East  Cambridge;  the 
United  Shoe  Machinery  Co.;  the  Sub-Target  Gun  Co.;  The  Walworth  Manu- 
facturing Co.;  the  Globe  Ore  Reduction  Co.,  and  the  United  Printing  Machine 
Co.,  all  in  Boston. 

In  the  latter  part  of  1916,  Mr.  Cogswell  became  connected  with  the  Kinney 
Manufacturing  Co.,  also  in  Boston,  where  he  held  the  position  of  designer  of 
engines  and  rotary  pumps.  He  was  with  this  concern  at  the  time  of  his  death, 
September  29,  1918. 

Mr.  Cogswell  became  an  associate-member  of  the  Society  in  1917. 

MURRAY  COPES  CONLBY 

Murray  C.  Conley  was  bom  on  December  30,  1889,  in  Lamar,  Mo.,  and 
was  educated  in  the  public  schools  of  Wichita,  Kan.  He  was  graduated  from 
the  University  of  Kansas  in  1909  and  the  following  year  took  a  post-graduate 
course  in  eflBciency  engineering. 

His  first  position  was  with  the  Dewey  Port  Cement  Co.,  Dewey,  Okla, 
where  he  installed  the  cost  system,  assisted  in  laying  out  and  had  charge  of  the 
construction  of  a  pulverized-coal  mill  of  100  tons  capacity.  In  September 
1913  he  became  connected  with  the  McEwen  Manufacturing  Co.,  Tulsa,  Okla., 
where  he  assisted  in  the  installation  of  the  Taylor  system  of  scientific  manage- 
ment, later  having  charge  of  the  design  and  testing  on  an  experimental  series  of 
reversing  gas  engines.  His  next  position  was  with  the  Carter  Oil  Co.,  Tulsa, 
where  he  was  employed  in  laying  out  walls  for  tank  forms.  In  October  1915 
he  became  associated  with  the  Pitcher  Lead  Co.,  Joplin,  Mo.,  where  he  super- 


1150  NECROLOGY 

vised  the  reconstruction  of  one  of  their  small  lead  smelters  and  the  eonfltmetioB 
of  a  new  lead  smelter  at  Galena,  Kan.  Later  he  had  charge  of  the  ooofltnidaoB 
of  a  large  zinc-ore  smelter  at  Henryettai  Okla.  In  June  1916  he  took  a  pos- 
tion  with  the  Henry  L.  Doherty  Co.,  New  York  City,  where  he  waa  employed  in 
developing  the  process  of  pumping  crude  oils  from  the  Kansaa  wells.  Later  he 
was  assigned  to  one  of  the  subsidiary  companies,  the  Lorain  County  Electric 
Co.  and  was  construction  engineer  on  a  large  electric  power  plant  at  Lorain, 
Ohio,  which  position  he  held  at  the  time  of  his  death,  December  21,  1918. 
Mr.  Conley  became  an  associate-member  of  the  Society  in  1917. 

HARRY  H.   COOK  • 

Harry  H.  Cook  was  bom  on  October  31,  1885,  in  Jamaica  Plain,  Maa., 
and  received  his  early  education  in  the  grammar  schools  of  that  city,  later  attend- 
ing the  Mechanic  Arts  High  School,  Boston.  From  there  he  went  to  the  Maaa- 
chusetts  Institute  of  Technology,  from  which  he  was  graduated  in  1906  with 
the  degree  of  B.S. 

He  was  first  employed  by  the  Coffin  Valve  Manufacturing  Co.,  Neponset, 
Mass.,  as  chief  draftsman;  later  he  was  advanced  to  the  position  of  chief  engi- 
neer of  the  company.  In  1911  he  became  associated  with  the  Providence  En- 
gineering *Works,  Providence,  R.  I.,  as  sales  engineer,  resigning  to  beoone 
.  engineer  with  the  Chapman  Valve  Manufacturing  Co.,  Indian  Orchardt  Mas. 
In  1917  he  was  made  chief  engineer  for  the  company,  which  position  he  wm 
holding  at  the  time  of  his  death,  December  15,  1918. 

Mr.  Cook  was  affiliated  with  a  number  of  fraternal  aseociations.  He  b^ 
came  a  junior  member  of  the  Society  in  1910  and  was  promoted  to  full  member- 
ship in  1918. 

STANLEY  SHIELDS  COOKE* 

Stanley  S.  Cooke  was  bom  on  August  9,  1893,  in  Denver,  Cok>.,  and  was 
educated  in  the  public  schools  there.  He  attended  the  Univenity  of  Colondo 
and  was  graduated  in  1915  with  the  degrees  of  B.S.  and  M.E.  Upon  grndnar 
tion  he  was  connected  for  short  periods  with  the  following  firms:  the  Amerieaa 
District  Steam  Co.,  Tonawanda,  N.  Y.,  on  steam-heating  main  instaUntions; 
the  Denver  Gas  &  Electric  Light  Co.,  Denver,  Colo.,  in  the  transformer 
ment,  repairing  irons  and  fans  and  testing  transformers;  the  Union 
Railroad  Co.,  as  special  apprentice  in  the  motive-power  and 
department.  He  worked  for  about  a  year  for  the  Union  Metallic 
Co.,  Bridgeport,  Conn.,  and  then  took  a  position  with  the  Lake  Torpedo  Boal 
Co.,  in  the  same  city,  on  the  construction  of  submarines. 

Three  weeks  after  our  declaration  of  war  he  enlisted  in  the  NaTj 
Guard  Service  and  was  sent  to  Fort  Trumbull,  New  London,  Conn.,  for 
and  afterwards  assigned  to  the  cutter  Tampa,  which  left  in  Getober  to 
in  patrol  and  escort  duty  in  European  waters.  In  Jmie  1918  lilr.  GookB 
was  made  first  gunner  and  in  August  appointed  coxswain,  and  the  foflowint 
month  received  orders  directing  his  transfer  to  the  Naval  Academy  to 
the  Officers'  Training  School.  On  the  night  of  September  26,  bowevet 
the  Tampa  was  in  the  British  Channel  doing  escort  duty  with  the  fleet|  n 
concussion  was  felt  but  the  cause  was  not  then  ascertained.    Upon 
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JOHN  HORTON  DALLY 

John  Horton  Dally  was  bom  on  July  10,  1868,  in  Lafayette,  N.  J. 
He  was  educated  in  the  public  schools  of  Newark,  N.  J.,  later  attending  the 
Newark  High  School  and  the  Newark  Technical  School,  of  which  he  was  a  gradu- 
ate. After  serving  a  three  years'  apprenticeship  with  the  Watts-Campbell 
Co.  of  Newark,  N.  J.,  he  entered  the  shops  of  the  concern  where  he  remained 
from  1891  to  1895.  During  the  tim»  he  was  with  the  Watts-Campbell  Co.  he 
spent  about  six  months  in  the  City  of  Mexico  installing  the  first  electric  lighting 
plant.  He  was  one  year  with  the  Richmond  Locomotive  Works  and  also  the 
Whitehall  Engineering  Company.  He  was  also  connected  for  short  periodi 
with  the  Colorado  Automatic  Refrigerating  Company  and  with  the  New  Yofk 
Refrigerating  &  Construction  Company.  He  was  chief  engineer  of  the  Wal- 
dorf-Astoria Hotel,  New  York,  for  about  a  year  and  a  half,  and  from  1896  to 
1902  was  chief  engineer  of  the  Carnegie  Music  Hall,  New  York.       * 

At  the  time  of  the  construction  of  the  present  building  of  the  New  York 
Stock  Exchange  in  1902,  Mr.  Dally  entered  the  employ  of  the  Exchange  as 
chief  engineer  and  took  an  active  part  in  the  mechanical  improvements  intxo- 
duccd  during  the  erection  of  the  building  and  in  the  many  changes  and  im- 
provements made  since,  among  these  being  the  pneumatio-tube  system  now  in 
use  on  the  floor  of  the  Exchange,  which  was  installed  in  1917  under  Us  si^iervisiaii. 

Mr.  Dally  also  acted  as  supervising  engineer  for  the  Fine  Arts  Sodety  sinee 
1897  and  as  consulting  engineer  for  the  New  York  Quotation  Company. 

Mr.  Dally  became  a  member  of  the  Society  in  1903.  He  died  on  December 
23,  1918. 

GEORGE  WILLIAM  DICKIE^ 

George  W.  Dickie,  a  Manager  of  the  Society  from  1895  to  1898  and  a  member 
since  1892,  and  known  to  the  general  public  as  the  "Builder  of  the  Oregon,"  died 
on  August  17,  1918,  while  actively  engaged  in  the  service  of  the  United  States  as 
Chief  Inspector  at  the  Moore  &  Scott  Shipbuilding  Yards,  Oakland,  Cal. 

Mr.  Dickie  was  bom  in  Arbroath,  Scotland,  on  July  17, 1884.  He  came  to  the 
United  States  with  his  parents  in  1869  and  in  the  same  year  reached  San  Frandsco. 
Very  soon  after  his  arrival  he  was  employed  to  erect  a  gas  plant  at  North  Beach. 
This  work  successfully  completed,  he  then  became  connected  with  the  Riadoo 
Iron  Works  where  his  work  took  a  wide  range.  He  designed  the  first  successful 
triple-expansion  engine  ever  built  in  the  United  States,  and  within  a  few  ytmn 
had  made  himself  famous  by  designing  the  first  Scotch  marine  boiler  on  the 
Pacific  Coast  and  also  the  first  successful  compound  steam  engine.  Several  of 
the  hitter  arc  still  in  operation,  notably  those  on  the  old  steamers  Sonla  Cnu  and 
(^ypsy.  On  one  occasion  he  secured  for  his  firm  a  large  contract  for  '"■"■ng 
machinery,  making  a  pro}K)8ition  which  was  accepted  as  against  another  proposal 
by  Mr.  Irving  M.  Scott,  of  the  Union  Iron  Works.  This  kind  of  mirnfrfiil 
coniiHitition  was  not  to  Mr.  Scott *s  liking  and  resulted  in  his  m^ing  an  offer  to 
Mr.  Dickie,  wliich  was  accepted.  He  thus  l)ecame  a  member  of  the  itaff  ci  a 
conroni  in  which  he  had  ample  oi)portunity  to  apply  his  constructive  geniui. 
He  was  iiumager  uf  the  Union  Iron  Works  from  1883  to  1905,  and  during  that 

*  A  tribute  to  the  character  an<l  pn>foiMii<mal  attainments  of  Mr.  Dickie  bgr  a  frfaad  of  SO 
standing.  Mr.  C.  E.  Gnini«ky,  Mimh.  Am.Soc.C.K.,  appewcd  in  Tux  JouaWAL Oeibbtr  IMS. 
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Wishing  to  control  his  own  business  he  organized  and  established  in  1900 
the  Fawcus  Machine  Co.  at  Pittsburgh,  manufacturing  gears  and  special  ma- 
chinery and  particularly  herringbone-gear  drives. 

Mr.  Fawcus  was  responsible  for  many  inventions,  the  most  notable  of  which 
are  the  machines  for  cutting  herringbone  gears,  which  he  started  to  design  and 
develop  in  1912.  These  machines  were  patented  in  the  United  States  and 
foreign  countries. 

Mr.  Fawcus  took  an  active  interest  in  civic  affaurs  and  was  a  member  of 
the  Chamber  of  Commerce  and  of  the  Manufacturers'  Association  of  Pitte- 
burgh.  He  was  also  a  member  of  the  Engineers'  Society  of  Western  Ptonqd- 
vania.  He  became  a  member  of  our  Society  in  1913.  He  died  on  January  22, 
1918. 

JOHN  D.    FORD 

John  D.  Ford,  Ilcar  Admiral  (retired)  in  the  United  States  Navy,  died  at 
his  home  in  Baltimore  on  April  8,  1918. 

Admiral  Ford  was  bom  on  May  19,  1840,  in  Maryland  and  was  educated 
in  the  public  schools  of  Baltimore.  He  was  graduated  from  the  Marjriand 
Institute  School  of  Design  in  June  1861,  receiving  the  Peabody  Priae.  The 
following  year  he  was  graduated  from  the  Potts  School  of  Mechanical 
ing  and  immediately  entered  the  United  States  Navy  as  third  aasistant 
Early  in  1864  he  was  made  second  assistant  engineer  and  two  years  later  became 
first  assistant  engineer.    On  December  27,  1890,  he  was  made  chief  engineer. 

During  the  Civil  War  Admiral  Ford  took  part  in  the  recapture  of  B«toii 
Rouge,  La.,  in  March  1863,  and  in  the  Battle  of  Mobile  Bay,  1864,  and  waa  on 
the  Arizona  when  it  was  destroyed  by  fire  off  Poverty  Point  in  the  MienanpiM 
River  in  1865.  He  was  wrecked  in  the  Sacramento  on  the  Coromandd  eoast  vi 
India  in  1867. 

In  1884  he  was  put  on  detached  service  for  the  purpose  of  establiahinK  tbe 
Baltimore  Manual  Training  School.  From  1894  to  1896  he  was  connected  with 
the  Maryland  Agricultural  and  Mechanical  College.  He  waa  next  aiwiciifri  to 
the  U.  S.  S.  Brooklyn,  with  the  relative  rank  of  commodore,  and  in  1808  to  tlie 
U.  S.  S.  Baltimore  (flagship),  later  becoming  fleet  engineer  of  the  Pacific  Station. 
He  joined  the  Asiatic  fleet  and  took  part  in  actions  of  April  30,  May  1  wad 
August  13,  1898,  and  in  the  destruction  of  the  Spanish  fleet  off  Cavite,  the  d^ 
struction  of  the  batteries  at  Cavite  and  at  Sangley  Point,  the  capture  of  the 
forts  at  Corregidor  and  the  capture  of  Manila.  On  May  19,  1905,  he  retired 
from  the  service  as  Rear  Admiral. 

Admiral  Ford  was  a  member  of  the  Associated  Veterana  of  FnmgaVu  Fleet, 
the  Loyal  liCgion,  the  Society  of  Manila  Bay,  and  of  the  American  Society  of 
Xuval  Engineers.    He  became  a  member  of  the  A.S.M.E.  in  1884. 

SAMUEL  AMBROSE    FRESHNET 

Siiniuel  A.  Frcshncy  was  born  in  January,  1867,  in  Lomdoiii  En^and.  He 
was  brought  to  tliis  country  when  but  a  child  and  the  family  lettled  in  OUo. 
His  first  work  was  in  connection  with  the  electrical  buaineae  when  he 
ployed  by  the  Brush  Electric  Co.,  Cleveland,  Ohio.    He  spent  lue 
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FHANCia  E.   GALLOTTPE 

Francis  E.  Galloupe  was  bom  in  Lynn,  MaaB.,  on  Octobw  3,  1856.    He 
attended  the  high  school  in  Lynn  and  later  ttw  Maandiuaetto  InBtitate  of  TiBah- 
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nology  at  Boston,  where  he  took  the  course  in  mechanical  engiDeeriiig  nd 
received  his  degree  in  1876. 

Upon  graduation  he  was  connected  with  the  Rhode  Island  Locomotiiv 
Works  for  about  two  years  and  spent  approximately  the  same  time  with  the 
Baldwin  Locomotive  Works  and  with  the  Brooks  Locomotive  Works.  TIm 
next  two  or  three  years  he  devoted  to  the  design  of  rolling  stock  for  the  propased 
Meigs  Railroad.  Following  this  period  he  was  engaged  in  the  real-estate  b«i- 
ness.  He  was  interested  in  developing  and  redeveloping  properties  and  handled 
some  very  important  transactions  along  this  line.  He  possessed  an  unusuaDy 
complete  system  of  recording  engineering  information. 

Mr.  Galloupe  was  a  charter  member  of  the  Society.  He  died  in  Bostoo, 
January  5,  1918. 

FBANK  E.    0ETT8 

Frank  £.  Getts  was  bom  in  Fort  Wayne,  Ind.,  in  June  1870,  and  was  edu- 
cated in  the  public  schools  there.  From  1887  to  1892  he  served  his  apprentioe- 
sbip  as  machinist  in  the  Wabash  Railway  Shops,  Fort  Wayne,  and  for  the  next 
three  years  was  connected  with  the  Fort  Wayne  Electrical  Worka,  first  as  efee> 
trical  apprentice  and  later  as  construction  foreman.  His'  next  pontion  «•• 
with  the  Siemens  &  Halske  Electric  Co.,  where  he  had  charge  of  building  and 
installing  electrical  generators.  He  was  also  with  the  Northwestem  Elevated 
Railway  Co.  for  a  short  while.  When  he  became  associated  with  the  Chici«D 
Edison  Co.  in  1903  he  was  given  charge  of  the  installation  of  all  steam  turbinei 
at  the  Fisk  Street  Power  Station.  The  success  of  this  work  was  due  in  pest 
measure  to  Mr.  Cetts'  personal  e£forts  and  his  engineering  ability.  From  1910 
to  1913  he  had  direct  charge  of  all  steam  work  for  the  General  Electric  Co.  in 
the  Middle  West.  In  October,  1913,  he  resigned  from  that  company  to  beeome 
general  manager  of  the  Chicago  office  of  the  Alberger  Condenser  A  Engineering 
Co.,  and  in  April  1915  he  became  general  manager  of  the  Electrical  Enguwen 
Equipment  Co.,  Chicago,  which  position  he  held  at  the  time  of  his  death,  May  7, 
1918. 

Mr.  Getts  was  a  member  of  the  American  Institute  of  Electrical  EnginMn, 
and  of  the  Electric  Club  and  Press  Club,  Chicago.  He  became  a  noember  of  the 
Society  in  1913. 

MICHAEL  JOSEPH   GOLDEN 

Michael  J.  Golden  was  bom  on  November  17,  1802,  in  Stratford,  Ont., 
Canada.  He  received  his  early  education  in  the  schools  of  Lawrenoe,  Maw. 
and  later  attended  the  Massachusetts  Institute  of  Technology  for  two  yean 
as  a  special  student.  He  served  an  apprenticeship  with  William  MoCartney 
in  Lawrence. and  was  for  six  years  assistant  to  E.  Lyford. 

For  one  year  he  was  an  instructor  in  mechanical  drawing  at  a  hi|^  achool 
in  Hyde  Park,  Mass.  In  1884  he  became  connected  with  Purdue  Univenity, 
Lafaycttt;,  Ind.,  as  an  instructor  in  shop  work,  later  reodving  hie  depee  in 
mechanical  engineering  from  the  University.  From  1889  untfl  June  1916, 
when  ill  health  compelled  his  resignation,  he  served  as  profesBor  of  practical 
mechanics  at  Purdue,  and  from  1907  was  also  director  of  the  practical  mechanici 
laboratory.  He  was  considered  an  authority  in  shop  management  and  abop 
experience  and  his  course  of  shop  lectures  was  widely  known.    He  wptsA  mnek 
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1917  with  a  captain's  commission.  In  France  he  was  instructor  in  pioneering 
in  the  Pioneer  School  of  Chatillon-Sur-Seine  and  was  later  ordered  to  bnd^ 
reconnaissance  work.  It  was  wliile  on  this  work  that  he  contracted  infliwiwi 
which  developed  into  pneumonia. 

Captain  Guiteras  became  a  junior  member  of  the  Society  in  1916. 

LAURENCE   RICHARD   GULLET 

Laurence  R.  Gulley  was  born  at  Mason,  Mich.,  on  August  14,  1888.  He 
attontlod  the  University  of  Illinois,  receiving  in  1910  his  B.S.  dejcrcc  in  mechan- 
ical engineering  (M.S.  in  1911;  M.E.  in  1917).  From  1908  to  1911,  dorinf 
hLs  vacations,  he  was  connected  with  the  Burr  Co.,  Champaign,  111.,  as  draft§- 
man. 

Upon  graduation  he  was  employed  by  the  same  company  and  from  1911 
to  1913  he  served  as  chief  engineer.  In  1913  he  became  general  manager  of  the 
firm  and  at  the  time  of  his  death,  October  24,  1918,  in  addition  to  holding  thii 
position,  was  also  secretary  of  the  Burr  Co. 

A  short  while  previous  to  his  dsath  Mr.  Gulley  had  designed  and  built  the 
Gulley  tractor  dynamometer,  which  has  proved  of  much  interest  to  tncior- 
manufacturing  concerns. 

Mr.  Gulley  was  a  member  of  the  honorary  societies  of  Tau  Beta  Pi  and 
Eta  Kappa  N^u.    lie  became  an  associate-member  of  the  Society  in  1917. 

EDWARD   MCKIM  HAOAR 

Edward  M.  Ilagar  was  bom  on  June  21,  1873,  in  Salem,  Mass.  He  WM 
graduated  from  the  Massachusetts  Institute  of  Technology  in  1893  with  tlie 
degree  of  M.E.,  and  in  1894  received  his  M.M.E.  from  Cornell  University. 

The  following  year  ho  was  employed  by  the  North  and  West  Chicago  Strart 
Railroad  in  th'.dr  electrical  engineering  department.  In  1895  he  became  insusnir 
of  the  Chicago  o Alice  of  the  Southwark  Foundry  &  Machine  Company,  and  in 
1898  founded  the  firm  of  E.  M.  Hagar  &  Co.,  western  agents  for  a  number  of 
firms  handling  engines  and  machinery.  In  1899  he  was  appointed  manngwr  of 
the  cement  department  of  the  Illinois  Steel  Co.  In  1904  Mr.  Hagar  became 
president  of  the  Universal  Portland  Cement  Co.,  a  subsi;liary  of  the  U.  8.  Sled 
Corporation,  and  in  191G  ()rcsidcnt  of  the  Wright-Martin  Aircraft  Corporalm 
and  th(?i  Simplex  Automobile  Co.  The  following  year  he  was  elected  preaideiit 
of  the  Amcri(!an  Interimtional  Steel  Corporation. 

Mr.  Hagar  was  a  member  of  the  American  Society  of  Civil  Engineers  and 
of  many  clubs.    He  joined  the  Society  in  1895.    He  died  on  January  18,  1918. 

CLAUDE  P.   HAYNE8 

(Miiudo  P.  Haynes  was  born  in  Ellsworth,  Litchfield  Co.,  Conn.,  oq 
t(Mnh(T  3,  ISSS.     He  attended  the  Rochester  Mechanics*  Institute  for  three 
and  later  entcHMl  Syracuse  University,  taking  the  regular  mechanical 
iiig  rourso. 

Ho  sorvod  his  apprenticeship  :is  machinist  with  the  General  Electric  Cou, 
Wrst  Lynn,  Mass.,  and  was  next  with  the  American  Optical  Co.,  Southbridce, 
Mass.,  as  draftsman.     Hu  liold  positions  with  the  General  Eleetric  Co., 
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chief  of  inaintenance.  In  the  last-named  position  he  was  in  charge  of  the 
departments  of  mechanical  and  electrical  engineering,  maintenance  of  way, 
rolling  stock  and  shops,  building,  stores,  wires  and  conduits  and  power  muh 
tenance.  Impairment  of  health  finally  required  him  to  relinquish  these  heavy 
responsibilities  and  the  company  gave  him  an  indefinite  leave  of  absence  witk 
the  privilege  of  engaging  in  lighter  and  less  nerve-racking  duties.  In  1916  he 
became  the  secretary  of  the  New  England  Street  Railway  Club,  Boston,  Mmm, 
He  was  also  editor  of  the  publications  t>f  the  club.  The  Street  Railway  BvOmUm 
and  the  TroUey  Wayfinder. 

He  became  a  member  of  the  Society  in  1916.    He  died  on  June  4, 1918. 

HAROLD  H.    HILL 

Harold  H.  Hill  was  bom  in  1875,  in  Detroit,  Mich.  He  was  graduated 
from  Cornell  University  in  1897  with  the  degree  of  M.E.  His  appfentioeriiip 
was  spent  with  the  Akron,  Bedford  A  Cleveland  Railroad  Co.,  Cuyahop 
Falls,  Ohio. '  He  obtained  his  drawing-room  and  shop  experience  with  the 
American  Ball  Bearing  Co.,  Cleveland,  Ohio.  He  was  next  employed  by  £.  H. 
Jones  &  Co.,  Cleveland,  as  erecting  engineer,  leaving  that  firm  to  icpieient  m 
Cleveland  the  B.  F.  Sturtevant  Co.,  of  Boston,  Mass. 

In  1901  he  became  associated  with  the  Ebrie  City  Iron  WoiIes,  Clefehad, 
as  mechanical  engineer  and  district  sales  agent,  acting  also  as  contracting 
neer.    At  the  time  of  his  death,  October  28,  1917,  he  was  holding  the 
of  district  sales  manager  of  the  company. 

Mr.  Hill  became  an  associate  of  the  Society  in  1904  and  a  member  in  1915i 

HARRY  C.   HOLCK 

Harry  C.  Hoick  was  bom  in  June,  1887,  in  New  Yoiic  City.  He  reoencd 
his  technical  education  in  the  Carnegie  Technical  School,  after  which  he  entend 
the  employ  of  the  Keuffel  &  Esser  Co.,  Hoboken,  N.  J.,  as  assistant  to  the  cUef 
engineer.  In  1908  be  became  connected  with  the  George  A.  Ohl  Co.,  Woodwle^ 
N.  J.,  where  he  installed  a  drafting-room  system  and  took  charge  of  the 
of  their  power  presses  and  embossing  machines.  The  following  year  he 
the  oiuploy  of  the  Niles-Bement-Pond  Co.,  Plainfield,  N.  J.,  as  a  designer,  aid 
while  with  this  firm  successfully  designed  a  car-wheel  lathe  to  turn  car  wheeb 
at  the  rate  of  two  in  four  minutes.  In  1910  he  became  aasociated  with  the 
General  Electric  Co.,  Schenectady,  N.  Y.,  as  engineer  and  dawgiMw  of  A.  T.  B. 
generators  and  synchronous  and  induction  motors. 

For  the  next  three  years  he  was  employed  successively  by  the  Otis  £bntor 
Co.,  New  York  City,  as  constmction  engineer  for  freight  and  passeDgBr  il^ 
vators;  by  the  Regina  Co.,  Rahway,  N.  J.,  as  assistant  to  chief  dnftmsa  ■ 
systematizing  and  developing  the  design  of  a  multi-process  printing  pna;  vd 
by  the  Wcstinghousc  Electric  &  Manufacturing  Co.,  Pittabori^  Fa.,  as  mr 
gincer  on  control  apparatus,  rheostats,  switchboards  and  ml  iwitdbM.  In  19U 
Mr.  Hoick  became  connected  with  the  Public  Service  Electiio  Co.,  Nswiifcf 
N.  J.,  where  he  was  engaged  in  the  design  and  engineering  of  flub-etatioaa  9ad 
(*uiitral  stations,  system  of  railways  and  lighting  distribution,  and  develo|Nd 
one  of  the  largest  and  most  modern  stations  in  the  ESaat. 
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He  first  served  an  apprenticeship  of  three  yean  with  the  HamB-GoriiH 
Engine  Works,  Providence,  and  then  entered  the  service  of  the  Rhode  Uud 
Locomotive  Works  in  the  capacity  of  draftsman.  From  that  position  he  vent 
as  draftsman  with  the  Jeffrey  Manufacturing  Co.,  Columbus,  Ohio,  and  in  the 
following  year,  1892,  he  became  connected  in  the  same  capacity  with  the  Jdhnson 
Steel  Co.,  Johnstown,  Pa.  Mr.  Isham's  next  position  was  with  the  Pond  Madiiiie 
Tool  Co.,  Plainfield,  N.  J.,  as  draftsman.  The  year  of  1895-1896  he  was  with 
the  Washington,  Alexandria  and  Mount  Vernon  Railway,  and  a  little  later 
was  located  in  the  chief  engineer's  office  of  the  Central  Railroad  of  New  Jcfaey. 
For  over  a  year  he  worked  with  the  Mossberg  Manufacturing  Co.,  Attlebaro, 
Mass.,  leaving  that  firm  to  take  a  position  in  1897  with  the  Metropolitan  Sinet 
Railway  Co.,  New  York  City,  as  track  expert  in  the  office  of  the  engineer  of 
maintenance  of  way.  From  1899  to  1901  he  was  designing  draftsman  for  the 
Sao  Paulo  Railway,  Light  &  Power  Co.,  Ltd.,  Sao  Paulo,  Braiil,  S.  A. 

In  1901  Mr.  Isham  returned  to  the  United  States  to  enter  the  emfdoy  of 
bhe  Pennsylvania  Steel  Co.,  Harrisburg,  Pa.,  remaining  there  until  1903.  FVon 
1903  to  1908  he  was  chief  draftsman  with  Ford,  Bacon  &  Davis,  New  Yoric 
City,  and  then  became  associated  with  the  New  York  Railways  Co.,  where  he 
had  charge  chiefly  of  the  track  work.  His  next  connection  was  again  with 
Ford,  Bacon  &  Davis  as  chief  draftsman.  About  the  middle  of  1918  he  enierad 
the  service  of  the  New  York  Edison  Co.,  New  York  City,  and  wns  with  thai 
company  at  the  time  of  his  death,  which  occurred  in  an  accident  cm  November 
28,  1918. 

Mr.  Isham  became  a  member  of  the  Society  in  1902. 

ROBERT  ELLSWORTH  JACKSON 

Robert  £.  Jackson  was  born  in  Matteawan,  N.  Y.,  on  August  24,  1888.  He 
was  educated  in  the  public  schools  of  Garfield,  N.  J. 

He  served  his  apprenticeship  with  the  Dutchess  Tool  Works,  FishkOl  land- 
ing, N.  Y.,  and  there  learned  the  machinist's  trade.  The  year  of  1910  he  spaA 
with  the  Coldwcll  Wilcox  Company,  Newburgh,  N.  Y.,  as  machinist.  He 
then  worked  in  the  same  capacity  for  about  six  months  with  the  Fiat  Automi^ 
bile  Company,  Poughkec])8ie,  N.  Y.  Upon  leaving  this  company  he  became 
associated  with  P.  H.  Gill  &  Sons,  Brooklyn,  N.  Y.,  as  machinist.  In  Apf3 
1911  he  entered  the  employ  of  the  Edison  Jjaboratory,  West  Orange,  N.  J.,  m 
foreman  of  the  niachinc  department.  He  was  later  made  superintendent  sad 
held  this  position  at  the  time  of  his  death. 

Mr.  Jackson  l>ccaine  a  junior  member  of  the  Society  in  1917.  He  died  aft 
West  Orange,  N.  J.,  on  April  5,  1918. 

ARTHUR  IRVING  JACOBS 

Arthur  I.  Jacobs  was  born  in  Hebron,  Conn.,  in  1858.  His  edueaftaoiMl 
advaiitngoH  were  nienger  diu-ing  his  boyhood  and  after  his  ninth  year  his  seliool- 
iiig  was  limit  od  to  a  short  ])eriod  in  the  winter.  He  worked  with  his  fatlwr  in 
iiirchaniral  lines  until  he  attaine<i  his  majority,  when  he  secured  employmBBi 
in  the  Knowles  Loom  Works,  Wonx^ster,  Mass.  His  medianical  bent 
displayed  itself  and  in  a  short  time  he  made  great  improvemeuU  in  Uie 
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made  plant  superintendent  of  the  Filbert  Works.  He  completed  this  plant, 
developing  and  maintaining  all  plant  operations. 

In  1914  he  became  associated  with  the  Bosch  Magneto  Co.,  Plainfield,  N.  J., 
as  works  engineer.  He  was  engaged  in  the  design,  construction  and  mainten- 
ance of  buildings  and  equipment  and  the  direction  of  power-plant  gysteniB. 
In  the  spring  of  1918  he  was  commissioned  a  first  lieutenant  in  the  Aviatioo 
Section,  Signal  Reserve  Corps,  of  the  Army  and  was  assigned  to  duty  in  the 
finance  department.  At  the  time  of  his  death,  December  17,  1918,  he  was 
connected  with  the  Air  Nitrates  Corporation,  New  York,  having  been  honorably 
discharged  from  the  service. 

Mr.  Jones  was  a  member  of  the  American  Institute  of  Mining  Engineers. 
He  became  an  associate-member  of  the  Society  in  1917. 


GEORGE   ALEXANDER  JUST 

George  A.  Just  was  bom  in  1860  in  New  York  City.  He  attended  Rensse- 
laer Polytechnic  Institute,  from  which  he  was  graduated  in  1881  with  the  defDW 
of  C.E.  He  was  first  employed  by  the  Phoenix  Iron  Works,  and  then  was 
connected  with  the  New  Jersey  Steel  and  Iron  Co.,  Trenton,  N.  J.,  later  acting 
as  engineer  for  that  firm  in  New  York.  He  was  also  chief  engineer  of  the 
Jackson  Architectural  Iron  Works,  aftenvard  becoming  a  member  of  the  firm 
Lewison  &  Just,  consulting  engineers. 

Mr.  Just  was  a  pioneer  in  the  steel  industry  and  was  at  one  time  associated 
with  Cooper,  Hcw^itt  &  Co.,  and  was  one  of  the  first  engineers  to  develop  the 
modem  steel-frame  building.  At  the  time  of  his  death,  December  27,  1918,  he 
was  president  of  the  George  A.  Just  Co.  He  took  an  active  interest  in  politica 
and  was  the  engineer  member  of  the  commission  which  framed  the  Code  of 
Building  Laws  for  Greater  New  York,  and  from  1907  to  1915  served  as  chair- 
man of  the  Board  of  Examiners  of  New  York. 

He  was  a  member  and  ex-director  of  the  American  Society  of  Civil  Engi- 
neers.   He  became  a  member  of  the  Society  in  1904. 


WILLIAM  J.    KEEP 

William  J.  Keep,  for  many  years  consulting  engineer  for  the  Michigan 
Stove  Co.,  Detroit,  and  one  of  the  best-known  writers  of  the  country  on  foundry 
topics,  died  on  September  30  following  an  accident,  when  he  waa  knocked  to 
the  pavement  by  a  street  ciir  and  sustained  fatal  injuries. 

Mr.  Keep  was  bom  in  June,  1812,  in  Oberlin,  Ohio.  He  attended  Oberlin 
College  for  his  freshman  and  s()i)h()m()re  years  and  was  graduated  from  Union 
College,  Schenectady,  N.  Y.,  in  1805  with  the  degree  of  civil  engineer.  He 
served  an  apprenticeship  with  tlie  Globe  Iron  Works,  Cleveland,  and  obtained 
his  shop  exporipnce  with  Fuller,  Warren  &  Co.,  Troy,  N.  Y.  From  1865  to 
1808  he  was  employed  by  llubbell  &  Brothers,  Buffalo  stove  manufactureni 
when  he  became  associated  again  with  Fuller,  Warren  &  Co.  and  was  with  them 
for  about  eight  years.  During  the  years  of  1872  to  1877  he  delivered  a  course 
of  lectures  to  the  senior  r1a.ss  of  Rensselaer  PoMeohnic  Institute.  FVom  1875 
to  1SS4  lio  in:inuf:irt  urod  stoves  on  hi.»<  own  account  in  the  city  of  Troy. 
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of  dean  of  mechanical  engineering  in  the  L.  C.  Smith  College  of  Applied  Sdenee 
in  Syracuse  University.  He  remained  at  Syracuse  until  1908,  when  he  became 
general  manager  of  the  Sandusky  Foundry  and  Machine  Company,  Sandusky, 
Ohio.  In  1910  he  resumed  his  consulting  engineering  practice  and  at  the  same 
time  became  contributing  editor  to  Industrial  Engineering. 

Mr  Kent  was  an  organization  member  of  the  Society,  and  Vice-President 
from  1888  to  1890.  He  was  preeminently  versatile,  an  original  thinker,  a  ready 
speaker,  an  author  and  frequent  contributor  of  papers  and  technical  articles, 
and  an  engineer  whose  services  were  much  in  demand  in  a  consulting  capacity 
or  as  an  expert  in  patent  coses.  He  was  a  regular  attendant  at  the  Annual 
and  Spring  Meetings,  and  probably  contributed  more  largely  to  the  discussion 
of  the  various  papers  than  any  other  member,  besides  being  the  author  of  no 
less  than  12  papers,  a  number  of  which  were  noteworthy  contributions  to 
gineering  knowledge. 

As  the  author  of  the  Mechanical  Engineer's  Pocket-Book  his  name 
known  among  engineers  the  world  over,  and  through  this  medium  he  rendered 
an  almost  incalculable  service  to  the  engineering  profession.  For  many  yean 
Mr.  Kent  had  followed  the  practice  of  clipping  and  filing  data  on  engineering 
subjects,  and  this  material  was  made  the  basis  of  the  first  edition  of  his  book  in 
1895.  At  that  time  practically  the  only  American  engineering  pocketbooks 
were  Trautwinc,  in  the  civil  engineering  field,  and  Haswell,  largely  mechanical, 
but  dealing  with  engineering  of  an  earlier  day  when  rule-of-thimib  rather  than 
research  was  the  main  reliance.  In  Kent's  book  the  practice  was  followed  of 
summarizing  the  data  and  giving  the  sources  of  authority,  so  that  any  of  the 
subjects  coidd  be  investigated  further. 

Besides  his  Mechanical  Engineers'  Pocket-Book,  Mr.  Kent  was  alao  the 
author  of  Steam  Boiler  Economy,  Investigating  an  Industry,  Bookkeeping  and 
Cost  Accounting  for  Factories,  as  well  as  papers  presented  before  the  numerouf 
technical  societies  of  which  he  was  a  member,  and  articles  contributed  to  the 
technical  press.  He  was  a  lecturer  at  many  colleges  and  technical  achooh, 
including  Yale,  Cornell,  University  of  Illinois,  West  Virginia  UniTersity,  Stevena 
Institute,  Brooklyn,  Franklin  and  Worcester  Polytechnic  institutes,  and  many 
others. 

Mr.  Kent  was  regarded  as  an  authority  on  steam4>oiler  practice  and  on 
shop  management.  He  was  an  earnest  advocate  of  the  principles  of  sdentifie 
management  as  enunciated  by  Frederick  W.  Taylor  and  was  one  of  the  charter 
rnombors  of  the  Taylor  Society.  He  was  also  an  inventor  and  dtma^pnmA  Uw 
wing-wall  furnace  to  secure  complete  combustion  where  there  was  not  rooai 
for  the  Dutch-oven  furnace,  and  developed  a  gas  producer  similar  to  the  Daw* 
son,  but  entirely  independently  of  the  latter.  Singularly,  his  American  patents 
and  the  English  Dawson  patents  were  issued  on  the  same  day.  Many  other 
inventions  and  dcvic^js  arc  to  his  credit. 

He  was  also  engaged  upon  numerous  investigations,  notably  work  for  the 
Baboock  and  Wilcox  Coni])any  on  high-volatile  coals,  for  the  New  Yoric  Edison 
('ompany  on  smoke  al)atement,  and  in  New  Jersey  with  regard  to  certain  water 
rights.    Ijatterly  lie  devoted  much  of  lus  time  to  patent  cases  as  an  expert. 

Besides  liis  mcml)orHhip  in  this  Society,  he  was  a  member  of  the  American 
Society  of  Heating  and  Ventilating  Engineers,  of  which  he  was  president  in  1905; 
American  Institute  of  Mining  Engineers;   Society  for  the  Pnunotion  of  Eng»- 
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old.  They  first  settled  in  Bridgeport,  Conn.,  where  he  attended  the  public 
schools,  and  moved  to  New  Haven  in  1858,  where  he  attended  the  Eaton 
Grammar  School.  After  finishing  his  common-school  education  he  was  em- 
ployed as  a  machinist  in  the  New  Haven  shops.  Later,  in  1866,  he  attended 
the  famous  military  school  of  Gen.  William  H.  Russell,  which  was  also  a  col- 
lege preparatory  school.  He  was  employed  by  Sargent  A  Co.  and  the  W.  k 
E.  T.  Fitch  Co.  as  salesman  and  shipping  clerk,  always  studying  during  his 
spare  moments,  as  he  was  determined  to  get  a  college  education. 

His  studious  disposition  won  him  many  friends,  among  whom  was  the  dis- 
tinguished Prof.  Willard  J.  Gibbs,  of  Yale  University,  who  took  a  personal 
interest  in  him  and  through  whose  influence  he  decided  to  enter  Sheffield  Sci- 
entific School  of  Yale  University.  This  he  did  in  1868,  taking  the  course  in 
mechanical  engineering,  then  called  dynamic  engineering,  and  being  graduated 
with  the  degree  of  Ph.B.  in  1871.  One  of  his  classmates  was  Mansfield  Mem- 
man,  afterward  his  associate  at  Lehigh  University  as  professor  of  civil  engineering. 
He  was  appointed  the  first  instructor  of  the  first  evening  school  started  in  New 
Haven  in  1868. 

From  1871  to  1873  he  did  experimental  work  for  Prof.  W.  P.  TrowbridgB 
of  Yale  and  others.  He  also  took  a  graduate  course  in  mechanical  engineerings 
receiving  the  degree  of  D.E.  (Dynamic  Engineer)  at  Sheffield  in  1873.  He 
entered  the  employ  of  Colt's  Armory,  Hartford,  Conn.,  in  1873,  first  as  drafts- 
man and  finally  as  assistant  to  the  chief  engineer,  Mr.  Charles  B.  Richards, 
that  company  being  engaged  at  the  time  on  work  connected  with  the  heat- 
ing and  ventilating  system  of  the  (then)  new  State  Capitol  at  Hartford.  Mr. 
Richards,  the  inventor  of  the  Richards  steam-engine  indicator,  later  became 
chief  engineer,  of  the  Southwark  Foundry  and  Machine  Co.,  of  Ffailadelfduay 
and  subsequently  professor  of  mechanical  engineering  at  Yale  University.  Ph>- 
fessor  Klein  was  in  the  employ  of  Colt's  from  1873  to  1877. 

In  1877  Professor  Klein  returned  to  Sheffield  Scientific  School  as  instnicior 
in  mechanical  engineering,  being  the  assistant  in  this  department  of  the  late 
Prof.  A.  Jay  DuBois.  In  the  fall  of  1881  he  was  called  to  Lehigh  Univenity 
to  establish  and  develop  a  course  in  mechanical  engineering,  and  was  oonnected 
with  that  institution  up  to  the  time  of  his  death.  In  1887-1888  he  was  secre- 
tary of  the  faculty.  In  addition  to  his  duties  as  head  of  the  mechanical  engineer- 
ing department  he  was  appointed  dean  of  the  faculty  in  1007,  which 
work  he  performed  with  distinction.  From  February  to  April  1010  he 
acting  president  of  the  University. 

Professor  Klein's  published  books  are:  Mechanical  Technology  of  Machine 
Construction,  1884;  Elements  of  Machine  Design,  1880;  Table  of  CoGrdinatei 
fur  Laying  Out  Accurate  Profiles  of  Gear  Teeth,  1880;  The  Design  of  a  Hi^ 
Si)ecd  Steam  Engine,  1892;  and  The  Physical  Significance  of  Entn^y  or  of  the 
Second  Law,  1910.  Also  the  following  translations  from  the  German:  Weiabsch- 
Ilerrinaun's  Mechanics  of  Machinery  of  Transmission,  1883;  Zeuner's  TkestMS 
on  Valve  Gears,  1884;  and  Zeuner's  Technical  ThennodynamioSy  1007.  Hs 
spent  a  number  of  years  in  researches  on  Dynamics  of  the  Shaft  Governor,  in- 
tending to  issue  a  work  on  flywheels  and  governors;  this  was  never  oompletedt 
idthough  a  part  of  the  results  of  his  investigations  are  in  use  in  the 
engineering  course  in  ix'high.  He  also  made  extensive  researches  in 
of  Machinery.     His  magazine  articles  are:  Absolute  Zero  of  Tempentnie^  Fss 
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0ct.ii-iu3  A.  Law  was  born  on  October  27,  1872,  in  Philadelphia,  Pa.,  and 
received  his  education  in  the  public  schools  of  that  city.  He  aerred  his  ap- 
prenticeship with  William  B.  Smith,  a  general  contractor  of  Philadelphia, 
later  becoming  his  estimator,  draftsman  and  foreman  of  erection  of  numeroua 
pubUc  buildings.  In  1899  he  became  connected  with  the  Midvala  Steel  Co., 
Philadelphia,  as  assistant  to  the  chief  engineer  and  had  entire  charge  of  all 
furnace  and  buil<lins  construction.  He  was  with  this  company  at  the  time  <d 
bh  death,  October  26,  1918. 

Mr.  Law  became  an  associate  of  the  Society  in  1915. 


HENHY  LEACTE 

French  engineer  and  mathematician,  was  bom 
in  1S47.  In  ISG6,  at  the  age  of  19,  he  had  the  unique  distinction  of  bang 
accepted  at  the  head  of  a  long  list  of  competitors  for  entrance  into  two  of  tlie 
beat  technical  schools  in  France,  the  Ecole  Polytechnique  and  Ecole  N(«male. 
He  entered  the  Intter  and  was  fcraduated  in  1869  with  the  degree  of  engineer. 

The  war  of  1870  naturally  interrupted  his  professional  career,  but,  released 
from  military  service  in  1S71,  the  young  man  at  once  engaged  in  three  lines  <rf 
work  requiring  very  dl^lmilar  characteristics  of  mind  —  tboae  of  medicine, 
mathematics  ami  mechanics,  and  rapidly  established  an  important  position  for 
himself  id  oncli  .jf  iKivi'  liraiiches  of  science. 
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The  first  paper  published  by  L6aut^  dealt  with  partial  derivative  eqiutiaiiB 
of  the  first  order.  Of  much  greater  importance  was  the  second  paper,  dealing 
with  friction  in  bearings.  Other  of  his  works  covered  the  subjects  of  genenl 
kinematics,  strength  of  materials,  dynamics  and  theory  of  machines.  In  all  cf 
this  work  he  made  extensive  use  of  higher  mathematical  methods  in  the  solution 
of  mechanical  problems.  It  is  significant,  however,  that  in  all  hb  work  he 
carefully  avoided  the  use  of  mathematics  for  its  own  sake  and  never  lost  si^t 
of  the  practical  applications  of  his  investigations. 

In  kinematics,  L6aut6  introduced  a  new  conception,  namely,  the  order  of 
proximity  of  two  arcs  of  neighboring  curves.  Because  of  this  concept  he 
enabled  to  formulate  precise  mathematical  rules  to  take  the  place  of 
approximations,  and  these  he  applied  in  the  design  of  gears  and  in  the  improw- 
ment  of  Watt's  parallelogram  and  the  Farcot  governor. 

In  the  field  of  the  strength  of  materials,  L6aut6  developed  important  data 
in  relation  to  the  elastic  deformation  of  circular  members  and  the  distribatikm 
of  stresses  in  cylindrical  bands,  esi>ecially  in  band  brakes.  Of  the  greatest 
importance,  however,  were  his  master  papers  dealing  with  dynamics  and  the 
theory  of  machines.  His  treatise  on  Teled3rnamic  Transmission  has  become  a 
classic.  The  transmission  of  power  at  a  distance  by  means  of  cables  was  fuDy 
solved  by  him,  both  from  the  theoretical  and  practical  points  of  view.  Tlw 
great  importance  of  this  w^ork  has  failed  to  be  realized  only  because  the  intio* 
duction  of  electric  transmission  has  materially  reduced  the  field  of  ^ipUcatioB 
of  cable  transmission. 

The  governing  of  engines  formed  the  subject  of  several  papers  of 
importance.    Starting  with  the  study  of  flyball  governor,  he  gradually 
to  that  of  oscillations  having  long  periods  and  investigated  the  whc^  field. 
applying  new  and  ingenious  mathematical  methods. 

In  addition  to  his  scientific  work,  Li6aut6  took  a  prominent  part  in  "*tf"'*y^ 
educational  activities,  and  also  in  business,  where  he  held  important  positions, 
such  as  that  of  president  of  the  French  Telephone  Company  and  also  of  the 
Paris  Electric  Distribution  Company. 

In  1891  he  was  elected  honorary  member  of  The  American  Society  of  Me- 
chanical Engineers.  In  1015,  in  spite  of  the  fact  that  a  malignant  dlsnaor  for 
years  had  siippcd  his  strength,  he  took  an  active  part  in  the  management  of  war 
industries,  on  the  running  of  which  depended  the  defense  of  the  country  al 
that  time.  It  is  no  exaggeration  to  say  that  this  patriotic  activity  was  the  prime 
cause  of  his  death,  which  occurred  on  November  5,  1916. 


LEO  JULIUS  LEFFLER 

Leo  J.  LcfRer  was  bom  on  Jime  30,  1885,  in  New  York  City.  He  was  edu- 
cated in  the  public  schools  of  Brooklyn,  attending  Manual  TVmining  High 
SchcM>l  and  later  C'ornell  Univorsity,  from  which  he  was  graduated  in  1907  with 
the  degree  of  M.E. 

Upon  graduation  he  entered  tlie  cori>oration  of  Chas.  Leffler  A  Go.|  Brook* 
lyn,  manufacturers  of  machinery  and  dies  for  the  manufacture  of  tin  and 
niet^d  ware.  He  assisted  his  father,  Mr.  Charles  Leffler,  in  the  active 
nient  of  the  com])any.  He  was  secretary  of  the  firm  and  waa  **«M'««g  tUi 
position  at  tho  time  of  his  death. 
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Mr.  Leffler  died  on  December  20, 1918,  in  Albuquerque,  N.  M.  He  beGune 
an  associate-member  of  the  Society  in  1915: 

FRANK  SHEPPABD  LBISENBINO  * 

Frank  S.  Leisenring  was  bom  on  January  18,  1887,  in  Northumberiand, 
Pa.  His  family  moved  to  Harrisburg,  Pa.,  where  he  attended  the  pubho  schools 
and  later  the  Bordentown  Military  Academy.  He  then  finished  his  pmpBnJdxm 
for  Stevens  Institute  of  Technology  at  the  Stev«is  School,  graduating  from  the 
latter  in  1904.  He  then  entered  Stevrais  and  was  graduated  with  the  class  of 
1908. 

Upon  graduation  he  entered  the  employ  of  the  J.  F.  Shanley  Co.,  contrao- 
tors,  Newark,  N.  J.,  and  finally  became  their  siqperintendent.  He  later  went 
into  the  railroad  supply  business  for  hims^  under  the  name  of  the  Mechanical 
Specialties  Co.,  New  York,  holding  the  position  of  president.  For  five  months 
after  we  entered  the  war  he  was  engaged  in  inspecting  wire  for  the  Govenunent 
at  New  £[aven,  Conn.  The  last  year  he  devoted  to  engineering  activities  in 
the  foanufacture  of  airplanes  ior  the  United  States  Government. 

In  the  latter  part  of  1917  Mr.  Leisenring  joined  the  22d  Regimait,  New 
York  State  Guard,  Company  F.  He  later  left  Company  F  and  orguiised  a 
company  of  engineers,  known  as  Company  M,  22d  Regiment,  New  York  State 
Guard,  and  was  connected  with  this  company  as  Second  lieutenant. 

Mr.  Leisenring  died' on  October  23,  1918,  of  pneumonia.  He  beoame  an 
associate-member  of  the  Society  in  1917. 

HARRY  SHELDON  LEONARD 

Harry  S.  Leonard  was  bom  on  October  21,  1865,  in  Washington,  D.  C.  He 
was  educated  in  the  public  schools  of  that  city  and  later  attended  Yale  Uni- 
versity, from  which  he  received  in  1886  the  degree  of  Ph.B.  He  was  con- 
nected for  about  eight  years  with  the  New  Haven  Wire  Manufacturing  Co.  as 
manager  and  then  spent  about  a  year  with  the  Trenton  Iron  Co.,  Trenton, 
N.  J.,  as  sales  manager.  For  the  next  three  years  he  conducted  his  own  busi- 
ness in  Boston  as  a  manufactiu^r's  agent.  In  1899  he  became  manager  of  the 
Boston  office  of  the  Westlnghouse  Electric  &  Manufacturing  Co.,  leaving  that 
firm  to  become  associated  with  the  Winchester  Repeating  Arms  Co.,  New 
Haven,  Conn.,  where  he  remained  till  about  a  year  ago,  when  ill  health  compelled 
him  to  resign  from  the  vice-presidency  of  the  company,  with  which  he  had  been 
connected  for  eighteen  years. 

Mr.  Leonard  became  a  member  of  the  Society  in  1916.  He  died  in  New 
York  City  on  July  26,  1918. 

ALBERT  THEODORE  LEONHARD 

Albert  T.  Leonhard,  secretary  of  the  Paterson  Parchment  Paper  Co.,  Pas- 
saic, X.  J.,  died  on  September  29,  1918,  a  victim  of  Spanish  influensa. 

Mr.  leonhard  was  bom  on  March  4,  1887,  in  Haledon,  N.  J.  He  attended 
high  school  in  Passaic  and  later  Stevens  Preparatory  School,  from  which  he  went 
to  Stevens  Institute  of  Technology,  receiving  his  M.E.  d^ree  in  1908.  He 
became  associated  in  the  same  year  with  the  Paterson  Parchment  Paper  Co, 


1174  NECROLOGY 

where  he  designed  and  supervised  the  construction  of  paper-making  and  other 
machinery,  improved  old  and  devised  new  processes  for  the  manufacture  of 
paper;  he  also  designed  and  supervised  the  construction  of  new  mill  buildingi 
and  had  general  charge  of  the  mechanical  department.  At  the  time  of  his  death 
he  held  the  position  of  secretary  of  the  firm. 

Mr.  Leonhard  became  an  associate-member  of  the  Society  in  1916. 

THOMAS  M.   LYNCH  * 

Thomas  M.  Lynch,  Major,  General  Supplies  Division,  Quartermaster  Corps, 
U.  S.  Army,  died  on  December  18,  1918.  He  was  bom  on  July  2,  1882,  in 
Worcester,  Mass.,  and  was  educated  in  the  schools  of  that  city,  later  attending 
the  Worcester  Pol)rtechnic  Institute. 

He  was  first  associated  with  the  Buena  Vista  Extract  Co.,  Buena  Vista, 
Va.,  as  assistant  manager  in  active  charge  of  operating  and  executive  affain, 
later  becoming  superintendent.  His  duties  covered  the  designing  of  mill  con- 
struction, supervision  of  the  installation,  operation  and  improvement  of  practi- 
cally all  kinds  of  conveying  machinery,  heating  and  evaporating  equipment. 
His  next  position  was  as  production  engineer  with  the  Babcock  &  Wilooz  Co., 
Bayonne,  N.  J.  He  was  also  associated  for  a  short  period  as  superintendent 
with  Barrett,  Nephews  &  Co.,  West  Brighton,  S.  I.,  and  for  two  years  was  a 
staff  member  of  the  J.  J.  Lynch  Co.,  New  York. 

At  the  time  of  his  death.  Major  Lynch  was  Chief  of  the  Administrative 
Branch  of  the  General  Supplies  Division,  Quartermaster  Corps,  having  been 
placed  in  charge  of  that  department  at  the  time  of  its  creation.  He  organised 
this  whole  division  and  was  appointed  to  the  rank  of  major  from  civil  life  in 
recognition  of  his  merit  and  the  efficient  results  he  had  secured. 

Major  Lynch  became  an  associate-member  of  the  Society  in  1914. 

DALE   MCCARTY 

Dale  McCarty  was  born  in  Gosport,  Ind.,  on  January  19,  1892,  was  edu- 
cate d  in  the  public  schools  there  and  later  attended  Purdue  University,  from 
which  he  received  the  degree  of  M.E.  in  1911.  Upon  graduation  he  worked 
for  a  short  period  with  the  Western  Electric  Co.,  Chicago.  In  Septembw,  1911, 
he  became  connected  with  the  Santa  Fe  Railroad  Co.,  Chicago,  where  his  duties 
consisted  of  steel  detailing,  layouts,  freight  and  steel  passenger-car  designs, 
inspection  of  material  and  sketching  of  foreign-design  cars.  In  the  early  part 
of  1014  he  resigned  from  this  position  to  become  draftsman  with  the  Enterprise 
Railway  Equipment  Co.  His  work  there  in  the  drafting  room  called  for  steel 
hopper,  ore,  steel  anrl  composite  ballast,  and  drop-bottom  gondolsrcar  designs, 
stress  diagrams  and  estimates  of  weight  having  to  be  prepared  for  all  cars  designed. 
\s  mechanical  representative  of  tlie  company  he  had  charge  of  the  general  in- 
spe(*tion  and  oversight  of  deliveries  of  malleable  and  steel  castings.  He  was 
also  responsible  for  the  inspection  and  approval  of  sample  cars  in  conjunction 
with  the  representatives  of  railroads. 

Mr.  McCarty  had  expected  to  enter  the  Central  Officer's  Training  Csinp 
in  January  1919.  lie  was  stricken  with  iSpanish  infiuensa  while  on  a  businsH 
trip  and  died  in  Indianapolis,  Ind.,  on  October  18,  1918.  He  became  n  junior 
member  of  the  Society  in  1916. 
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06GAB  JOHN  MAT* 

Oscar  John  May,  Captam  in  the  Signal  CofpB,  United  States  Anny,  died 
on  May  22,  1918,  at  the  Washington  Sanitaziiim,  Takoma  FtA,  Washing- 
ton, D.  C. 

Captain  May  was  bom  on  May  15, 1878,  in  Chicago,  HL,  and  was  edneated 
in  that  city  and  graduated  from  the  Lewis  Institute.  I^xxm  1900  to  1911  he 
worked  with  E.  B.  EUicott,  electrical  engineer  for  the  Sanitaiy  Distriet  of  Cbi- 
cago,  in  various  capacities  —  as  operating  engineer,  oonstmeting  wngSiM^^  ami 
as  superintendent  of  the  Sanitary  District  Power  House,  Lockport,  HI.  As 
superintendent  he  installed  two  of  the  600O-hp.  hydraulic  tmfihies  and  gen- 
erators with  the  necessary  electrical  equipment.  He  was  next  associated  with 
the  Texas  Company,  first  as  operating  and  testhig  engineer,  and  later  as  diief 
engineer  of  the  Chicago  district,  sui)erviBing  practical  testing  and  research  woriE 
on  lubricants.  In  1914  he  was  made  assistant  siqwrintendent  of  the  company 
and  given  charge  of  the  designing  and  rearranging  of  mechanicaT  conditioiis 
directly  affected  by  lubrication. 

Captain  May  entered  the  Service  in  June  1917  as  a  ci^iytain  in  the  Engineera' 
Reserve  Corps,  and  was  reconmussioned  a6  a  ciqitain  in  the  Signal  Carps  hi 
November  1917  and  was  assigned  to  the  Lubricaticm  Dqwrtment.  He  had 
full  charge  of  the  experimental  woric  necessary  in  the  preparatMm  of  BgwaSat^ 
tions  covering  lubricating  oil  for  aeronautio  engines,  necessitating  veiy  dabo* 
rate  tests  at  the  Washington  Navy  Yard,  where  he  had  under  his  direction  a 
corps  of  army  and  navy  engineers.  Very  important  week  was  also  earned  on 
under  his  personal  supervision  at  the  altitude  testing  laboratory  of  the  Boreaa 
of  Standards,  where  in  the  first  consecutive  tests  made  Captain  May  stood 
continuously  a  watch  of  sixty-five  hours,  indicating  his  remarkable  physical 
endurance  and  the  tremendous  interest  and  conscientious  responsibility  he 
felt  in  the  work.  He  had  full  charge  of  the  lubrication  engineers  and  oil-house 
men  recently  established  in  the  various  aviation  fields  in  this  country,  and  also 
of  the  sx)ecial  experimental  testing  work  in  connection  with  lubricants  and  fud 
at  Dayton,  Ohio,  and  at  the  various  manufacturing  plants. 

As  an  indication  of  the  appreciation  of  Captain  May's  ability  and  service 
he  was  recommended  by  the  Chief  of  the  Lubrication  Department  early  in 
February  for  promotion  to  the  rank  of  major. 

He  was  a  member  of  the  National  Association  of  Stationary  Engineers. 
He  became  a  member  of  the  Society  in  1914. 

ERNEST  AINSWOBTH  MOORE 

Ernest  A.  Moore  was  bom  in  Victoria,  Australia,  on  October  14,  1879.  He 
was  educated  in  Melbourne,  Australia,  and  later  received  special  instruction 
in  work  of  a  mechanical  nature  from  tutors. 

While  in  Australia  he  was  employed  by  Knox,  Schli^p  &  Co.,  who  repre- 
sented the  Allis-Chalmers  Company,  in  the  capacity  of  private  secretary  to  Mr. 
William  Knox.  In  1904  Mr.  Moore  decided  to  come  to  the  United  States  and 
in  August  of  that  year  became  draftsman  with  the  Filer  &  Stowell  Co.,  Milwau- 
kee. Two  years  later  he  became  connected  with  the  Allis-Chalmers  Company, 
working  first  in  the  gas-engine  department,  and  later  as  assistant  engineer.  In 
1 908  he  became  chief  engineer  of  the  Bates  Machine  Company,  Joliet,  SI.,  having 
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full  charge  of  all  technical,  and  later  all  commercial  engineering,  work ;  he  deaigDed 
built  and  supervised  a  great  amount  of  special  machinery  and  while  with  this 
company  obtained  his  experience  in  work  of  a  consulting  and  legal  technical 
nature. 

Mr.  Moore  left  the  Bates  Machine  Ck)mpany  in  1913  to  take  the  position 
of  resident  manager  in  Chicago  for  the  A.  M.  Byers  Company,  Pittsburgh, 
manufacturers  of  wrought-iron  pipe.  About  May  1914  he  left  Chicago  for 
Detroit,  planning  to  develop  there  a  new  business  for  the  production  of  a  new 
machine  .making  paper  containers.  This  machine  was  first  designed  by  him  in 
1911  and  was  gradually  perfected,  until  in  1914  the  Moore  Container  Company 
was  organized  in  Detroit,  of  which  he  was  president.  Plans  were  practically 
completed  for  the  manufacture  of  the  machine  when  his  health  failed  and  he 
was  forced  to  give  up  his  work  completely  and  leave  for  the  West  in  an  effort 
to  regain  his  strength.  He  died  very  suddenly  in  Phoenix,  Ariz.,  on  February 
15,  1918. 

Mr.  Moore  became  a  member  of  the  Society  in  1913. 

WILLIAM  EARLE   MOSHER 

William  E.  Mosher,  who  died  of  pneumonia  in  Washington,  D.  C,  on 
October  12,  was  assistant  superintendent  engineer  of  the  Army  TnuuqMVt 
Service,  and  had  been  recommended  for  a  commission  as  Major  in  the  Quarter- 
master Corps.  He  was  bom  in  1888  and  attended  the  schools  of  MeGhanicBviUe, 
N.  Y.  In  1909  ho  received  the  degree  of  Ph.  B.  from  Syracuse  University  and 
1911  the  degree  of  M.E.  He.  then  attended  the  Graduate  School  of  the  Uni- 
versity of  Illinois  and  obtained  his  M.  S.  in  1913,  having  specialised  in  refrigera^ 
tion  and  thermodynamics.  From  September  1913  to  June  1910  Mr.  Moaber 
was  assistant  refrigeration  technologist,  U.  S.  Department  of  Agrieulture,  and 
had  charge  of  the  portable  precooling  plant.  His  next  position  was  with  the 
Fruit  Dispatch  Co.,  New  York,  as  consulting  engineer.  In  January  1918  he 
obtained  leave  of  absence  that  he  might  offer  his  services  to  the  Government. 

Mr.  Mosher  was  a  member  of  the  honorary  societies  of  Phi  Beta  Kappa, 
Sigma  Xi  and  Tau  Beta  Pi.  He  was  also  a  member  of  the  American  Society  of 
Refrigerating  Engineers.    He  became  a  junior  member  of  the  Society  in  1912. 

JOHN  J.    MULLANEY 

John  J.  MuUaney  was  bom  in  Ireland  in  1864.  He  was  brought  to  this 
country  when  a  child  and  was  educated  in  the  schools  of  New  York  City,  Uter 
attxmding  Cooi)cr  Union.  His  apprenticeship  was  spent  with  the  Delamatcr 
Iron  Works,  New  York,  from  1880  to  1884.  The  next  three  years  he  was  em- 
ployed as  a  machinist  and  in  1888  he  became  superintendent  of  the  tod  and 
manufacturing  departments  of  the  Columbia  Typewriter  Co.  and  the  following 
year  was  associated  with  the  Smith  Premier  Typewriter  Co.  About  1890  be 
became  associated  with  the  Brosius  Sewing  Machine  Co.  as  superintendent, 
resigning  in  1893  to  take  a  similar  position  with  the  Garvin  Machine  Co.  Later 
he  was  president  of  the  Ideal  Opening  Die  Co.,  New  York.  At  the  time  of  hk 
death  Mr.  Mullaney  had  consulting  offices  in  New  York. 

He  became  a  mcml^cr  of  the  Society  ui  1901.  He  died  suddenly  in  the  eaify 
part  of  June  1918  in  lled!)ank,  Cal. 
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STEPHEN  HmOT  PmCAN 

Stephen  M.  Pitman,  vice-president  of  the  Narraganaett  Mutual  Fire  Iiwur- 
ance  Ck).,  died  at  his  home  in  Providenoe,  R.  I.,  on  December  17,  1918. 

Mr.  Pitman  was  bom  in  Boston,  Mass.,  on  July  19, 1850,  and  was  edueated 
in  the  public  schools  of  that  city.  For  a  short  i>eriod  he  attended  Acown  Uni- 
versity, later  going  to  Tufts  College,  wfaeie  he  leoeived  tiie  degree  of  Fh Jl.  in 
1869.  Following  his  gradxiation  from  Tufts  Mr.  Pitman  entered  the  Harvard 
School  of  Mining,  receiving  the  degree  <^  Mining  Engineer  in  1874,  and  afterward 
went  to  Germany,  where  he  pursued  special  studies  in  chemistry  at  tiie  Univer- 
sities of  Heidelberg  and  Berlin.  From  1877  to  1882  he  was  profesBor  of  cheiUMtry 
at  Tufts,  at  the  close  of  that  time  becoming  treasurer  and  graeral  manager  of  the 
Butte  Silver  &.  Copper  Mining  Co.,  Butte,  Mont.  In  1886  he  retomed  East  aa 
chemist  and  superintendent  of  the  Vall^  FaDs  Co.,  YaDey  FaOa,  R.  I.  In 
1888  he  became  general  manager  of  the  Copp  Dyeing  Co.  He  later  became 
secretary  of  the  Philadelphia  Manufacturers'  Mutual  Fire  Insoranoe  Co^  and 
was  for  a  time  connected  with  the  Holmes  Fibre  Gn^hite  Co.,  also  of  F1iil»- 
delphia. 

In  1894  he  was  elected  secretary-treasuror  of  the  Narraguiaett  Mutual  Fire 
Insurance  Co.,  Providence,  R.  I.,  and  remained  in  that  capacity  until  he  became 
vice-president,  the  office  he  was  holding  at  the  time  of  his  death.  He  was  alao 
a  director  of  the  American  Investment  Co. 

Mr.  Pitman  became  an  associate  of  the  Society  in  1892. 

WILLIAM  J.   PLANK* 

William  J.  Plank  was  bom  on  November  1,  1887,  in  Jetmore,  Kan.  He  was 
graduated  from  the  University  of  Kansas  in  1911  with  the  degree  of  A.B.;  in  1913 
he  received  his  M.E.  degree  and  shortly  afterward  was  appointed  through  the  Civil 
Service  to  the  shops  of  the  mechanical  division  of  the  Panama  Canal  Conmuasion. 
His  duties  consisted  of  general  drafting  work  dealing  with  construction  equip- 
ment. He  also  acted  as  instructor  in  mechanical  drawing  to  a  dass  of  about 
thirty  apprentices.  In  April  1916  he  was  transferred  to  the  planning  department 
of  the  drafting  room. 

In  the  early  part  of  1918  he  enUsted  in  the  Air  Service  of  the  Army,  and  was 
assigned  to  the  School  of  Military  Aeronautics,  Austin,  Tex.,  and  later  transferred 
to  the  fljing  field  at  Sacramento,  Cal. 

Cadet  Plank  died  on  November  12, 1918,  of  pneumonia.  He  became  a  junior 
member  of  the  Society  in  1916. 

GEORGE   SUNTBR  POWER 

George  S.  Power  was  bom  on  May  17,  1870,  in  Brantford,  Ont.  He  was 
graduated  from  the  high  school  in  Gaylord,  Mich.,  and  later  took  a  five  years' 
course  at  Cooper  Union,  New  York,  three  of  which  were  devoted  to  science  and 
two  to  architectiu*e. 

Upon  the  completion  of  his  high-school  course  he  acted  for  three  years  as 
principal  of  a  school  in  Duncan  City,  Mich.  EUs  next  position  was  with  the  First 
National  Bank  of  Duluth,  Minn.,  as  bookkeeper.  About  1893  he  left  for  New 
York  City,  where  he  became  superintendent  of  the  J.  A  J.  Morrison  Co.,  plas- 
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terers.  In  1896  he  became  connected  with  the  Witherspoon  Flaster  Mill,  where 
his  work  consisted  in  the  designing  and  building  of  labor-saving  devices.  In  the 
following  years  he  was  associated  with  the  Jackson  Architeotural  Iron  Warks  in 
designing  and  drafting;  the  Manhattan  Ck)ncrete  Co.  in  figuring  and  eetf mating; 
V.  Dome  Sons,  New  York,  as  superintendent  and  estimator,  and  with  the  Hock 
Plaster  Co.,  New  York  and  Hoboken,  as  superintendent.  In  1903  he  was  em- 
ployed by  the  Robins  Conveyor  Belt  Co.  to  design  conveyor  machinery;  he  aJio 
supervised  the  erection  of  a  new  plant  for  the  company  at  Paasaic,  N.J.  In  1903 
he  became  identified  with  the  U.  S.  Gypsum  Co.,  Chicago,  111.,  where  his  wofk 
consisted  of  designing  and  building  new  and  remodeling  old  gypsum  mills.  From 
1905  to  1916  Mr.  Power  was  associated  with  the  firm  of  Wickes  Brothers, 
Mich.,  where  he  held  successively  the  positions  of  draftsman,  Hftoigngy  of 
machines,  superintendent,  and  general  manager  of  the  rock-drill  department. 
For  the  fourteen  months,  prior  to  his  death  he  was  with  the  Bayonne  Steel  Casting 
Co.,  Bayonne,  N.  J.,  as  construction  engineer  and  purchasing  agent. 

Mr.  Power  became  a  member  of  the  Society  in  1916.  He  died  on  January  14, 
1918. 

HENRY  GEORGE   PULSCHEN 

Henry  0.  Pulschen  was  bom  in  February,  1891,  in  New  York  City  and 
attended  the  public  schools  there,  being  graduated  from  Cooper  Union  in  1906 
and  later  from  Pratt  Institute. 

■ 

From  1905  to  1907  he  worked  as  machine  apprentice  with  Schneider  Brothers, 
Jersey  City.  His  next  position  was  with  H.  Crocheron,  New  York,  where  his 
duties  dealt  with  patent-ofiice  drawings,  machine  designing,  detailing  and  timdng. 
In  1910  he  became  associated  with  the  Henry  R.  Worthington  Co.,  Harrison, 
N.  J.,  as  designer,  detailer  and  tracer  of  power-plant  machinery,  and  the  following 
year  took  a  position  with  the  Alberger  Pump  &  Condenser  Co.,  New  Yoric,  as 
designer  and  checker  of  condensers,  heaters,  cooling  towers,  etc.  In  September 
1917  he  became  connected  with  the  J.  G.  White  Engineering  Corporation,  New 
York,  as  designer,  checker  and  squad  leader.  In  about  seven  months  he  was 
transferred  to  the  inspection  department  of  the  company,  where  he  remained  untfl 
his  last  illness. 

Mr.  Pulschen  became  a  junior  member  of  the  Society  in  1918.  He  died  on 
December  24,  1918. 

GEOFFREY  LAWRENCE   REID 

• 

(icofTrcy  L.  Rcid  was  born  in  Lawrence,  Mass.,  on  March  29, 1694.  He  was 
educated  in  the  public  schools  of  Lawrence  and  upon  graduation  from  hi^  sdiool 
ent-crod  Massachusetts  Institute  of  Technology,  from  which  he  was  grmduatad  in 
1916  as  a  mechanical  engineer. 

His  first  position  was  with  the  General  Electric  Co.,  Lynn,  loasB.,  in  eomie^ 
tion  with  cost  work  and  estimating  on  Curtis  steam  turbines.  He  was  iwii 
employed  in  the  inspection  department  of  the  Associated  Factory  Mutual  Cola, 
Boston,  leaving  there  to  enter  the  statistical  department  of  the  8Cone  4 
Webster  Engineering  Corporation,  Boston.  In  December  1917  he  tnliiftrif  in 
tho  U.  S.  Naval  Aviation  Corps  and  was  assigned  as  an  inspector  of  saniplsMi 
motors  and  stationed  at  the  Curtiss  Aeroplane  &  Motor  PrtiffptMmtion,  Buflsky 
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N.  Y.    In  April  1918  he  reoeived  his  honorable  dischaige  from  the  Anny  owing 
to  ill  health. 

Mr.  Reid  died  on  December  23, 1918.  He  became  a  jmiibr  membw  of  the 
Society  in  1916. 

CHABLE8  JAHES^BXHLT  * 

Charles  James  Heilly,  So'geant,  Ck>.  C,  2l8t  Engmeers,  A.  E.  F.,  was  killed  in 
France,  on  September  1,  1918,  by  a  bomb  dropped  from  a  Gennan  airplane, 
which,  according  to  report,  was  flying  low  over  the  camp  and  bearing  Hbtd  AIIieB' 
colors. 

Sergeant  Reilly  was  bom  on  September  10,  1887,  in  LonisviDe,  Ky.  He 
received  his  early  education  in  the  schools  of  that  city  and  was  graduated  hxim  the 
high  school  in  1905,  when  he  entered  Roee  Polytechnic  Institiite,  from  ^riiibh  be 
received  his  B.S.  degree  in  mechanical  engineering  in  1909.  For  three  3rean  he 
was  connected  with  the  Louisville  Sc  Nashville  Railroad  in  Louisville,  Ky.,  as  a 
machinist  in  their  locomotive-erecting  shop.  £Qs  next  position  was  with  the 
Vandalia  Railroad,  Terre  Haute,  Ind.,  as  draftsman  in  the  motive-power  d^Murt- 
ment,  where  he  remained  for  a  littte  over  three  years,  resigiiing  to  become  oon- 
nected  with  the  U.  S.  Division  of  Valuation  of  the  Lit^state  Conuneroe  Committee 
as  junior  mechanical  engineer,  where  his  work  dealt  with  the  valuation  of  the 
mechanical  property  of  railroads.  In  Aprfl  1916  he  became  assistant  to  the 
superintendent  of  the  Sandusky  Cement  Co.,  Bay  Ridge,  Ohio,  wban  he  was 
employed  at  the  time  of  his  enlistment,  July  1917.  He  was  sent  to  Gamp  Grant, 
ni.,  for  training  and  in  January  1918  went  to  France  as  a  member  of  Go.  G., 
21 8t  Engineers. 

Sergeant  Reilly  became  an  associate-member  of  the  Society  in  1916. 


6EOBGE   GUSTAY  BOHUG 

George  G.  Rohlig  was  bom  on  May  7, 1S72,  in  Eisenach,  Thuringia,  Germany. 
He  came  to  this  country  when  about  sixteen  years  of  age  and  started  work  in  the 
Botany  Worsted  Mills,  Passaic,  N.  J.,  returning  to  Europe  a  few  years  later.  He 
studied  in  technical  universities  at  Winterthur  and  Zurich,  Switserland,  and  at 
the  Royal  Polytechnic  High  School,  Stuttgart,  Germany,  receiving  his  engineer- 
ing degree  and  thereafter  being  associated  for  a  period  with  Leipziger  Wollkam- 
merie,  Hoboken  les  An  vers,  Succursale,  on  work  having  to  do  with  textile  machines. 
His  drafting-room  experience  he  gained  while  with  Kammgamspinnerei,  Stoehr  & 
Co.,  Plagwitz-Leipzig,  Germany.  He  served  his  apprenticeship  in  the  woolen 
and  worsted  mills  of  Belgium  and  England,  thus  laying  the  foundation  of  his 
great  technical  knowledge  in  the  milling  industry. 

Upon  his  return  to  this  country  he  again  became  associated  with  the  Botany 
Worsted  Mills  as  assistant  superintendent  in  charge  of  the  manufacturing.  He 
also  assisted  in  the  various  enlargements  of  the  mills  and  since  1903  was  director 
and  general  superintendent  of  the  company,  holding  this  position  at  the  time  of 
his  death,  October  29,  1918. 

Mr.  Rohlig  became  a  member  of  the  Society  in  1909. 
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EDWIN  H.   ROUSSEAU 

Edwin  H.  Rousseau  was  bom  in  New  Orleans,  La.,  in  September  1884.  He 
was  graduated  from  the  Louisiana  State  University  in  1905  with  the  degrees  of 
B.S.  and  M.E.    He  also  attended  Tulane  University. 

His  first  position  was  with  the  Central  Electric  &  Improvement  Co.,  Inc., 
New  Orleans,  where  he  was  located  for  about  four  years.  In  1910  he  became 
manager  of  the  order  department  and  draftsman  for  the  John  H.  Murphy  Iron 
Works,  also  in  New  Orleans.  Three  years  later  Mr.  Rousseau  became  oon- 
nected  with  Dibert,  Bancroft  &  Ross  Co.,  Ltd.,  as  a  designer  on  multiple-effeet 
evaporators,  vacuum  pans  and  barometric  condensers,  resigning  in  1916  to  take 
a  position  with  the  Dyer  Co.,  Cleveland,  Ohio,  having  charge  of  the  cane-sugar 
department,  handling  all  engineering  incidental  to  building  canensugar  factorieSy 
etc.  In  the  early  part  of  1917  he  became  assistant  engineer  in  the  engineering 
department  of  the  E.  B.  Badger  &  Sons  Co.,  Boston,  Mass.,  where  he  had  charge 
of  the  engineering  work  connected  with  the  building  of  complete  industrial  and 
chemical  plants. 

In  October  1917  Mr.  Rousseau  accepted  a  position  with  the  Birmingham 
Machine  &  Foundry  Co.,  Birmingham,  Ala.,  as  chief  engineer,  which  position  he 
was  holding  at  the  time  of  his  death,  December  3,  1918. 

Mr.  Rousseau  became  a  member  of  the  Society  in  1915.  He  was  also  a  mem- 
ber of  the  Chemists'  Club  of  New  York  and  of  the  Civic  Association  of  Birming- 
ham. 

WILLIAM  PRESCOTT  SARGENT 

William  P.  Sargent  was  bom  in  Stoneham,  Mass.,  on  September  9,  1878,  and 
received  his  early  education  in  the  public  schools  of  that  city. 

He  was  first  employed  in  1896  by  Prentice  Brothers,  Worcester,  Mass.* 
manufacturers  of  machine  tools,  where  he  had  charge  of  the  stock  room.  His 
spare  time  he  devoted  to  learning  machine  operation  and  machine  fitting.  His 
next  position  was  with  the  Draper  Machine  Tool  Company  as  draftsman.  For  a 
short  while  thereafter  he  was  connected  with  the  Lodge  &  Shipley  Machine  Tool 
Company,  Cincinnati,  as  a  designer  of  special  machinery.  In  1903  he  was  made 
8i)ecial  engineer  for  the  Niles  Tool  Works,  Hamilton,  Ohio,  where  his  work  dealt 
with  chemical  and  metallurgical  research  problems.  He  returned  to  the  Pkatt  ft 
Whitney  Co.  as  assistant  construction  engineer  in  the  design  of  the  twMj^Kinii 
shop,  foundry  and  power  plant  which  were  being  erected.  He  was  next  made 
engineer  in  direct  charge  of  the  design  and  construction  of  the  machine  and  foig^ 
shop  of  the  Niles  Tool  Works.  About  1907  Mr.  Sargent  became  associated  with 
the  Borber-Colman  Company,  Rockford,  111.,  as  engineer  to  design  and  devdop 
automatic  textile  machinery.  From  1909  to  1915  he  was  engaged  in  the  dfign 
and  development  of  automatic  machinery  for  handling  periodicals^  papen  and 
pojste,  and  in  the  design  and  construction  for  the  Bureau  of  Chemistiy  of  aevenl 
graphic  machines  for  recording  impacts  and  stresses.  He  was  sssnciiatfed  also 
with  the  Curtis  Publishing  Company,  Philadelphia,  where  he  was  intenatad  m 
the  reduction  of  labor  costs  in  the  mechanical  processes  involved  in  the  publie^ 
tion  of  5,000,000  magazine  copies  a  month.  During  the  years  of  1916  and  1916 
Mr.  Sargent  devoted  his  time  to  C(M)rduiating  the  facilities  of  mora  than  twelve 
small  shops  whose  production  singly  of  gages,  tools  and  ordnance  partg  wonld  not 
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have  been  appreciable.    Recently  be  was  engaged  m  the  oonfltrootion  of  gages 
and  interested  in  other  work  fcnr  the  Frankford  Aneaaal. 

Mr.  Sargent  became  a  member  of  the  Society  in  1909.  He  died  on  April  10, 
1918. 

CHABLE8  B.   SEED* 

Charles  R.  Seed,  Lieutenant  U.  S.  N.  R.  F.,  was  bom  in  April,  1876,  in 
Lawrence,  Mass.  He  was  educated  in  the  schools  of  that  dty,  later  receiving 
training  aboard  the  Massachusetts  Nautical  Sehoolship  Enierpriae,  after  wbkh. 
he  served  as  an  engineer  for  seven  years  on  runs  between  Eurc^  and  America. 
From  1 900  to  1 902  he  was  chief  engineer  of  the  Uiica  Knitting  Co.,  Utiea,  N.  Y., 
leaving  to  become  watch  engineer  of  the  Metropolitan  Street  Railway  Co.,  New 
York,  where  he  was  located  for  two  years.  In  1904  he  took  a  position  with  the 
Blackstone  Manufactming  Co.,  Blackstone,  Mass.,  as  diief  engineer.  He  was 
next  associated  with  the  Rockingham  County  lig^t  A  Power  Co.,  Pcrtsmoiiith, 
N.  H.,  as  superintendent  of  power.  In  1911  he  became  superintendent  of  power 
for  the  Worcester  Electric  Light  Co.,  Worcester,  Mass. 

During  the  Spanish  American  War  Lieut.  Seed  served  as  junior  eaugjneflr 
aboard  the  St.  LotUa  and  when  the  United  States  declared  war  against  Ger- 
many, he  was  granted  a  leave  of  absence  by  the  Worcester  Company  and  at 
once  offered  his  services  to  the  Government.  He  was  comiiftiaBioned  an  ensign 
and  assigned  to  the  Boston  Navy  Yard.  After  a  short  whUeiie  was  ordered  over- 
seas to  do  patrol  duty  in  the  war  sone  off  the  coast  of  France  in  the  XJ.  S.  8. 
Wavika.  He  was  promoted  to  the  rank  d  lieutenant  while  overseas.  Upon 
his  return  to  the  United  States  he  was  assigned  to  the  Fore  River  Shipyard 
and  actively  employed  in  connection  with  the  fitting  out  of  motive  power  for 
sea  duty. 

Lieutenant  Seed  died  suddenly  of  pneumonia,  in  Worcester,  on  October  8, 
1918.  He  was  a  member  of  the  National  Association  of  Stationary  Engineers. 
He  became  a  member  of  the  Society  in  1914. 


HORACE   BOLLIKEN   SMITH 

Horace  M.  Smith  was  bom  on  November  1,  1880,  in  Terre  Haute,  Ind., 
and  received  his  early  education  there.  He  was  graduated  from  St.  Albans 
Military  Academy  and  later  attended  the  Massachusetts  Institute  of  Technology. 
He  served  an  apprenticeship  with  the  Niles  Tools  Works  Co.,  Hamilton,  Ohio,  as 
draftsman  and  also  with  the  American  Soda  Fountain  Co.  in  the  same  capacity. 
In  1904  he  became  associated  with  the  Liquid  Carbonic  Co.,  Chicago,  HI.,  as  a 
designer  and  traveling  erecting  engineer  and  was  advanced  rapidly  until  in  1908 
he  was  given  full  charge  of  the  iron  foimdry,  the  brass  foimdry  and  the  machine 
shops.    At  the  time  of  his  death  he  was  chief  engineer  of  the  company. 

Mr.  Smith  was  an  authority  on  all  matters  pertaining  to  the  caibonatedrdrink 
and  bottling  industry  and  the  inventor  of  several  devices  which  have  resulted  in 
a  practical  revolution  of  that  business. 

Mr.  Smith  became  a  member  of  the  Society  in  1913.  He  died  on  November 
12,  1918. 
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ROT  BROOKS  SBOTH 


Roy  Brooks  Smith  was  bom  in  March,  1882,  in  XJhrichsville,  Ohio.  He 
educated  in  the  schools  there  and  later  attended  Ohio  State  Univerntyy 
his  M  J2.  degree  in  1904.  During  his  vacation  periods  he  served  an  apprentice- 
ship with  the  Pennsylvania  Lines  West,  and  upon  graduation  became  connected 
with  the  same  company  on  locomotive  road  tests. 

In  1906  he  was  made  assistant  engine-house  foreman  and  assigned  to 
port,  Ind.  In  about  another  year  he  was  promoted  to  assistant  electrical 
gineer,  S.  W.  S.,  and  was  located  at  Ck)lumbus,  Ohio.  In  1908  he  became 
foreman  of  the  C.  L.  &  N.  Railway,  Cincinnati,  working  there  for  about  two 
when  he  was  promoted  to  the  position  of  assistant  master  mechanic  and  xetnnied 
to  Ck)liunbus.  Early  in  the  spring  of  1911  he  became  assistant  motive-power 
inspector  and  shortly  afterward  motive-power  inspector,  in  charge  of  the  design 
and  layout  of  power  plants,  coaling  stations,  washout  systems,  etc.,  the  making 
up  of  specifications,  tests  of  material,  apparatus  and  equipment.  Just  previoui 
to  his  death,  October  19,  1918,  he  was  made  assistant  electrical  engineer. 

Mr.  Smith,  though  physically  unable  to  enter  the  Service,  was  enrolled  in 
the  U.  S.  Public  Service  Reserve,  Washington,  D.  C,  and  worked  arduouriy  in 
the  local  recruiting  office  of  the  Officers'  Training  Gamp.  He  also  had  charge  of 
the  Columbus  Conmiunity  War  Chest  subscriptions  in  the  ofiEioe  of  the  Buperiii- 
tendent  of  motive  power  and  general  superintendent  of  the  company. 

Mr.  Smith  became  a  junior  member  of  the  Society  in  1905  and  waa  dected 
to  full  membership  in  1912. 


WILLIAM  WARREN   SMITH 

William  W.  Smith  was  bom  in  Toronto,  Canada,  on  September  9, 1876.  He 
was  educated  in  the  public  schools  of  Michigan  and  in  Michigan  Agricahanl 
College,  taking  the  mechanical-engineering  course.  Later  he  attended  Purdne 
University,  where  he  took  special  work  in  mechanics. 

He  obtained  his  shop  experience  with  the  Welded  Steel  Barrel  Company, 
Detroit,  Mich.,  where  for  about  a  year  and  a  half  he  was  draftsman  and  inepeetor. 
He  spent  two  years  with  the  American  Car  and  Foundry  Company,  Detroit  and 
St.  Louis,  as  draftsman,  estimator  and  finally  as  chief  draftsman.  Hia  dohI 
position  was  with  the  Standard  Steel  Car  Company,  Pittsbm^  aa  aMHtant 
construction  engineer,  where  he  remained  for  about  a  year,  leaving  to  beponw 
assistant  manager  with  the  Mexican  Car  and  Foundry  Company,  Meadeo  City. 
He  remained  in  Mexico,  transferring  his  business  connections  to  the  National  Iran 
and  Steel  Works  as  superintendent  and  mechanical  engineer  in  duuTBe  of  de^gn 
for  miscellaneous  machine  and  structural-steel  work.  About  1916  Mr.  Smhli 
became  associated  with  Dodwell  &  Co.,  New  York,  as  foreign  repreMntative  with 
Behn  Brothers,  San  Juan,  Porto  Rico.  In  February  1918  he  joined  the 
force  of  the  ^Vlhs-Chalmers  Manufacturing  Company,  expecting  later  to  be 
ferred  to  sales  work  in  South  America,  with  which  country  he  wai 
familiar. 

Mr.  Smith  became  a  member  of  the  Society  in  1909.  He  died  in  Biihrankaab 
Wis.,  on  April  1,  1918. 
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just  finished  the  completed  report  on  that  subject.  On  February  1,  1918^  he  vii 
appointed  Chairman  of  the  Advisory  Board  of  the  Power  Test  Cominittee.  Hk 
work  along  these  lines  was  particularly  valuable,  as  his  long  experience,  tnmed 
judgment  and  personal  influence  insured  the  reconcilation  of  conflicting  intowU. 

in  the  Association  of  Edison  Illuminating  Companies  he  was  a  member  of 
the  Committee  on  Steam  Plants  from  1906  up  to  the  present  time,  and  was  chair- 
man in  1910,  1912  and  1913.  In  this  work  his  most  valuable  contributions  wtn 
those  in  connection  with  coal  testing  and  burning.  Before  the  Eklison  Assodstioa 
he  presented  a  number  of  papers  on  boiler-plant  problems. 

In  the  National  Electric  Light  Association  he  was  a  member  of  the  Com- 
mittee on  Prime  Movers  for  a  number  of  years,  and  was  a  frequent  contributor  to 
the  Question  Box. 

Shortly  after  the  United  States  entered  the  war  he  made  a  number  of  terto 
for  the  Naval  Consulting  Board  in  connection  with  smoke  abatement  on  ships  oi 
a  protection  against  submarines. 

Mr.  Sparrow's  hobbies  were  largely  of  an  engineering  character.  In  frfiotQK- 
raphy  his  work  as  an  amateur  rivaled  many  professionals,  and  he  was  one  of  the 
first  to  take  Ap  color  photography.  Microscopy,  as  a  result  of  his  early  tiaining, 
was  always  one  of  his  chief  aids  and  his  work  on  the  photomicrography  oC  hunp 
filaments  is  well  known.  In  later  years  he  turned  to  metallography  in  conneetioB 
with  the  ever-present  subject  of  the  corrosion  of  condenser  tubes,  and  ■nniitr' 
in  the  settling  of  important  questions  of  heat  treatment  in  the  manufacture  of 
this  mat-erial.  His  knowledge  of  physical  science  was  fundamental  and  he  wsi 
an  adept  in  th^  mechanical  handling  and  manipulation  which  is  a  neoesoitj  in 
research  work  of  this  kind. 

GOLDWIN   STARRETT 

Goldwin  Starrett  was  bom  on  September  29,  1874,  in  Lawrence,  Kan.  He 
was  graduated  from  the  University  of  Michigan  in  1894  with  the  degree  of  BjS. 
in  mechanical  engineering  and  spent  the  following  four  years  in  the  office  of  D.  H. 
Bumham,  Chicago,  111.,  architect,  as  architectural  draftsnum  and 
mechanical  engineer.  In  1898  he  became  superintendent  and  assistant 
in  the  New  York  office  of  the  George  A.  Fuller  Co.,  where  he  remained  for 
two  years,  leaving  te  take  the  position  of  secretary  and  asRiHtant  general 
of  the  Thomp.son-Starrctt  Co.,  New  York.  While  with  this  firm  he  did  a 
amount  of  mechanical  work  in  the  construction  of  commercial  and  office  buildiii^ 
In  1904  he  became  vice-president  of  the  £.  B.  Ellis  Granite  Co.,  of  Northfidd, 
Vt.,  which  position  he  occupied  for  four  years  when  he  became  the  SBBiar 
member  of  the  architecural  firm  of  Starrett  &  Van  Vleck,  designers  of  many  Isr^ 
and  important  buildings  in  New  York. 

Mr.  Sterrctt  was  a  member  of  the  American  Institute  of  Architects  and  sin 
of  the  Architectural  League.  He  became  a  member  of  the  Society  in  1914.  Hi 
died  on  May  9,  1918. 

EDWIN   A.    STEVENS 

C'ol.  Edwin  A.  Stevens,  member  of  the  famous  old  American  family  wfaicsh  is 
licvolutionary  days  pnu^tically  founded  what  we  now  know  as  the  dty  of  Hbbh 
ken,  died  on  March  8,  1018,  in  Washington,  D.  C,  where  he  was  serving  as  a  firid 
officer  of  the  Einorgen(»y  Fleet  Cor|>oration. 
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He  was  bom  in  Philadelphia  on  March  14,  1858,  and  attended  St.  Paul's 
School,  Concord,  N.  H.,  later  entering  Prinoeton  University,  from  which  he  was 
graduated  in  1879  with  the  degree  of  A.B.  In  1905  he  was  given  the  degree  of 
Doctor  of  Engineering  by  the  Stevens  Institute  of  Tedmology^  founded  in  1868. 
by  his  father,  Edwin  A.  Stevens. 

He  served  as  Park  Commissioner  and  as  Tax  Commissioner  of  New  Jeraqf 
and  also  on  the  commission  which  settled  the  long-standing  boundary  dii^ute 
between  the  states  of  New  York  and  New  Jersey.  For  some  time  he  was 
also  Commissioner  of  the  New  York  and  New  Jersey  Palisades  Intei:state  Park. 
In  1880  he  w^as  made  adjutant  of  the  old  Ninth  Regunent  of  New  Jersey,  and  later 
served  oh  the  staff  of  Governor  Ludlow.  Wa  appointment  as  Colonel'  of  the 
Second  llegiment  came  still  later,  and  he  was  conmiander  of  the  regiment  for  six 
years.  In  1911  he  was  appointed  Conmodssioner  of  Public  Roads  by  President 
Wilson  when  the  latter  was  Governor  of  New  Jersey.  In  1914  he  was  reappointed 
by  Governor  James  F.  Fielder  and  served  until  1917,  when  the  laws  were  changed 
and  the  management  of  the  road  department  was  taken  out  of  the  hands  of  a 
commissioner  and  invested  in  a  commission  of  eight  members.  A  little  later  he 
was  appointed  a  member  of  the  State  Highway  Commission  by  Governor  Edge. 

Colonel  Stevens  designed  the  Bergen,  the  first  screw-propeller  ferryboat. 
This  vessel  is  still  in  commission  and  operates  between  Hobbken  and  New  Yoric. 
That  invention  marked  a  signal  departure  in  the  construction  of  such  vessels  and 
one  which  proved  so  satisfactory  that  all  other  ferry  lines  adopted  the  patent. 
He  had  many  other  inventions  of  a  mechanical  nature  to  his  credit.  He  was 
president  of  the  Hoboken  Ferry  Company  until  1896,  when  it  was  taken  over  by 
other  interests,  later  being  acquired  by  the  Lackawanna  Railroad. 

Colonel  Stevens  was  a  member  of  the  Society  of  Naval  Architects  and  Marine 
Engineers  and  of  the  Institute  of  Naval  Architects  in  Great  Britain.  He  be- 
came a  life  member  of  the  Society  in  1889. 

MATTHEW   ANDEN   SYKES 

Matthew  A.  Sykes  was  born  on  March  26,  1865,  in  Wallingford,  Pa.  BKs 
ciirly  pducatitni  he  obtained  in  the  schools  of  Delaware  County,  Pa.  Later  he  took 
several  courses  in  the  evening  schools  of  Philadelphia  and  was  graduated  from 
The  Franklin  Institute,  liis  course  there  being  in  mechanical  drawing. 

From  1<SS()  to  1890  Mr.  Sykes  worked  with  the  Baldwin  Locomotive  Works, 
Phihuk'lphia,  where  he  first  served  his  apprenticeship  and  was  advanced  to  the 
position  of  contractor  and  then  of  foreman  on  production.  For  a  short  period  in 
isiM)  iw  was  connected  with  the  Midvale  Steel  Co.,  Philadelphia,  as  foreman  in 
•  har^c  of  the  production  work.  He  left  this  firm  to  take  a  pK)sition  with  Goodell 
cV:  WatJ'rs  Co.,  manufacturers  of  woodworking  machinery  in  Philadelphia,  where 
he  directed  the  desiiininM:  and  making  of  tools  and  planned  the  work  throughout 
the  slio}).  in  ls!)L>  he  became  foreman  with  Bement,  Miles  Co.,  Philadelphia, 
an<l  <lirecte«l  tlie  l)uildin^  of  special  machinery.  His  next  position  was  with  the 
Si)rai:ue  Fleet ric  Flevator  Co.,  New  York,  as  superintendent  of  their  New  York 
and  W  atsessin^,  N.  J.,  plants  and  of  construction  on  the  installation  of  electric 
elevator^.  In  ISlMi  he  became  superintendent  of  construction  in  the  New  York 
oflice  ot"  Morse,  \\  iihams  A:  Co.,  Philadelphia,  and  installed  all  kinds  of  hydraulic, 
electric  an<l  belt-j)ower  elevators  in  the  metropoUtan  district.    The  year  1897  to 
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1898  he  spent  with  the  Metropolitan  Electrical  Construction  Co.,  on  the  inatill*- 
tion  of  electric  elevators  in  New  York  City.  In  1898  he  became  associated  with 
the  Otis  Elevator  Co.,  New  York,  as  assistant  superintendent  of  constructioB, 
installing  hydraulic  and  electric  elevators,  and  for  six  months  was  superintendeni 
of  construction  at  the  Pittsburgh  office  of  the  company.  Mr.  Sykes  left  the  Oim 
Elevator  Co.  in  1005  to  become  superintendent  of  construction  with  the  Standud 
Plunger  Elevator  Co.,  Worcester,  Mass.,  of  their  New  York  and  Toronto  offieei 
on  the  installation  of  plunger  and  electric  elevators.  After  six  years  with  this 
company  he  was  for  two  years  superintendent  of  construction  of  the  Gurney 
Elevator  Co.,  and  for  about  a  year  with  the  Westinghouse  Co.,  Schenectady, 
N.  v.,  as  superintendent  of  their  plant  manufacturing  agricultural  machinery, 
grain  separators,  st^am  tractors,  locomotive  stokers,  etc.  In  1915  he  accepted 
a  position  with  the  Remington  Arms  Co.,  Edd3'stone,  Pa.,  as  superintendent  of 
the  division  on  production  work  of  British  rifles.  At  the  time  of  hia  death  he 
was  sui)erintendcnt  of  the  erection  shop  of  the  Baldwin  Locomotive  Worfci, 
Eddy  St  one,  Pa. 

Mr.  Sykos  became  a  member  of  the  Society  in  1917.    He  died  on  March  10, 
1918. 

FLOYD   G.    TEX   BROECK 

Floyd  0.  Ten  Brocck  was  l>orn  in  Elmira,  N.  Y.,  on  August  28,  1872,  Aod 
received  his  early  education  in  that  city.  Later  he  attended  Cornell  Univernty  i 
and  was  graduated  in  1895  with  the  degree  of  M.E.  His  first  position  was  with 
the  Osboni  EnginciTing  Co.  and  dealt  with  shop  engineering.  FVom  1897  to  1899 
he  was  connected  with  Milikcn  Brothers  and  also  with  R.  P.  and  J.  H.  Statlo, 
where  he  obtained  his  drafting  cxi)erience.  In  1S99  he  became  aasociated  with 
Westinghuus(%  Church,  Kerr  &.  Co.  in  the  design  and  erection  of  milla  and  power 
plants,  leaving  that  firm  to  oi)en  private  consulting  offices  in  New  York  City  in 
1902.  For  the  hust  sixteen  years  he  was  manager  of  the  engineering  department 
of  the  West  Virginia  Pulp  &  Vii\yoT  Co.,  Xew  York. 

Mr.  Ten  Broeck  became  a  member  of  the  Society  in  1903.     He  died  on  Nov* 
ember  1,  1918. 

DAVID   TOWNSEXD 

David  Townsend,  a  meml>er  of  the  Society  since  1882,  and  vice-pRsident 
during  t  he  y('ars  ISDO  to  10()1,  died  at  his  home  in  Philadelphia,  Pa.,  on 
27,  VMS. 

Mr.  'rown.s(Mul  was  boni  on  February  21,  1856,  in  Philadelphia,  Pft.     He 
a  gra<lu:)tc',  class  of  '7i\j  of  the  University  of  Pennsylvania,  degree  of  B.S.    In 
1S7S  he  was  a  siH'rial  student  at  Stt^vims  Institute  of  Technology,  and  aasistant  to 
Dr.  H.  II.  Tluirstoii  and  Prof.  An)ert  II.  UH.nls.     From  1S78  to  1893  he  waa  with 
the  Hush  Hill  Iron  Works,  Philadelphia,  siH^cializing  in  roUa,  rolling  mills,  ateel 
and  iron-works  roust  ruction  (Mpiipnient.     He  first  served  his  apprenticeship  in 
machine  shop,  foundry  and  <lra\ving  rcM)n),  later  becoming  general  manager.    In 
1S03  1)0  brc-anie  general  manager  of  the  Philadelphia  Roll  &  Machine  Co.,  build- 
ing and  o]HM'ating  th(>ir  works.     He  was  with  this  firm  until  1898,  when  he 
to  (ierniany  to  the  Kni])p  Works  at  Magdeburg  to  study  the  methods  and 
struct  ion  of  the  (inison  revolving  coast-defense  turrets.    Upon  his  Ktum  hs 
desiirncd.  built  and  operated  the  (iriLs^jn  Iron  Works,  Eddystone,  Fa.,  as 


NECBOIiOGY  1187 

manager.  In  1903  this  property  was  sold  to  the  Baldwin  LooomotiTe  Worin^ 
who  have  since  occupied  it  for  themselves  and  for  the  Bemington  Arms  Co. 

From  1903  to  1912  Mr.  Townsend  was  engaged  in  inivate  eDgindering  pfao- 
tice,  specializing  in  iron  and  steel  fomidries,  rdl  and  roUing-min  AwngtMi  and 
general  construction  for  iron  and  steel  {ffoducts.  He  became  pfesident  of  the 
Production  Engineering  Co.  in  Philadelphia  in  1912,  specialiiing  in  oil-baming 
apparatus  of  all  kinds,  holding  this  position  up  to  the  time  of  his  death. 

During  the  year  1916  Mr.  Townsend  was  also  manager  of  the  Philadelidiia 
plant  of  the  Neidich  Process  Co.  and  the  Caloo  Chemical  Co.,  producing  aniline 
dyes. 

SAMUEL  F.   TBIPP 

Samuel  F.  Tripp  was  bom  in  New  Bedford,  Mass.,  on  November  14,  1806. 
He  was  educated  in  the  public  schools  of  New  Bedford  and  later  attended  the 
New  York  evening  schools  and  the  Polytechnic  Institute  of  Brookljni.  He  also 
took  a  course  in  the  International  Correspondence  Schoob  of  Scranton,  Pa. 

At  the  age  of  eighteen  he  accompanied  his  father  on  a  trip  to  California  and 
while  there  entered  the  employ  of  the  Arctic  Whale  Oil  Co.,  where  he  worked  for 
two  years.  His  next  position  was  with  the  Corliss  Steam  Engine  Co.,  Providence^ 
R.  I.,  as  erecting  engineer,  where  he  had  charge  of  the  installation  of  engines  in 
the  plant  of  the  Waterbury  Electric  Light  Co.,  Waterfoury,  Conn.,  and  of  r^Mir 
work  on  engines  in  many  cities  of  Rhode  Island  and  Massachusetts.  He  then 
entered  the  employ  of  the  Jones  &  Ijaughlin  Co.,  Pittsburgh,  Pa.,  and  had  charge 
of  the  erecting  of  shafting,  being  employed  for  about  two  years  in  various  miOe 
throughout  New  England.  He  was  reemployed  by  the  Corliss  Co.  and  placed  in 
charge  of  erecting  boilers,  handling  the  installation  of  boilers  in  Elizabeth,  N.  J., 
New  York  and  Baltimore. 

In  1891  Mr.  Tripp  became  associated  with  the  Third  Avenue  Railroad  Co., 
New  York,  and  was  put  in  charge  of  the  erecting  of  the  engines  at  the  Sixty-fifth 
Street  and  Bayard  Street  power  stations.  In  1901  when  the  motive  power  of 
the  Third  Avenue  System  was  changed  from  cable  to  underground  electric  the 
cable  power  stations  were  shut  down  and  he  was  transferred  to  the  Ninety- 
sixth  Street  power  station  of  the  Metropolitan  Street  Railway  Co.  as  engineer 
in  charge.  From  April  1914  until  the  Ninety-sixth  Street  station  was  discon- 
tinued Mr.  Tripp,  in  addition  to  his  duties  as  engineer  of  that  plant,  was  also 
employed  to  superintend  mechanical  construction  work  at  the  Seventy-fourth 
Street  power  station  of  the  Interborough  Rapid  Transit  Co.,  having  charge  of  all 
mechanical  eciuipment  in  connection  with  the  30,000-kw.  turbines  installed  in  that 
plant.  At  the  time  of  his  death,  September  29,  1918,  he  was  field  engineer  in 
charge  of  mechanical  construction  connected  with  the  60,000-kw.  turbine  now 
being  constructed  at  Seventy-fourth  Street. 

Mr.  Tripp  was  a  member  of  the  National  Society  of  Stationary  Engineers. 
He  became  an  associate-member  of  the  Society  in  1915. 


CLARENCE    B.   D.    UNVERFERTH 

Clarence  B.  D.  Unverferth  was  bom  on  October  10,  1884,  in  Dayton,  Ohio. 
He  was  educated  in  the  parochial  schools  and  in  St.  Mary's  CJollege  m  Dayton, 
later  taking  a  special  course  in  hydraulic  and  steam  engineering. 
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From  1902  to  1907  he  was  connected  with  the  Piatt  Iron  Works,  Da>'ton, 
draftsman  on  pumps,  heaters,  condensers  and  filt€r-press  machinery'.  His  next 
position  was  with  the  Dayton  Hydraulic  Machinery  Ck).,  as  chief  draftsman  and 
designer  on  centrifugal  pumps.  He  was  with  this  company  for  three  yeara, 
resigning  to  become  designer  and  draftsman  on  paper-mill  machinery  and  water 
wheels  for  the  Dayton  Globe  Iron  Works.  In  1911  he  became  connected  with 
the  Ohmer  Fare  Register  Co.,  Dayton,  as  tool  designer,  and  the  following  year 
wius  with  the  Ilccording  and  Computing  Machines  Co.,  Da>'ton,  as  designer  of 
tools  and  screw-machine  cams.  In  1913  he  entered  the  office  of  the  County 
Engineer  of  Montgomery  Count  j-,  Ohio,  as  chief  draftsman  and  8ur\'eyor  in  chariKe 
of  all  drafting  and  field  work.  At  the  time  of  his  death  he  was  connectetl  with 
the  Aircraft  Production  Board  at  Dayton. 

Mr.  Unverferth  died  of  pneumonia  on  November  10,  1918.  He  became  an 
associate-member  of  the  S<jciety  in  1918. 

PHILIP   WALLIS 

Philip  Wallis  was  graduated  from  the  Stevens  Institute  of  Technology'  in 
1879.  He  was  first  employed  by  the  Clark  Bridge  Co.  as  draftsman.  His  next 
position  was  as  instructor  in  meclianical  drawing  at  the  Mar>'land  Institute  Night 
School  of  Design.  In  the  latter  part  of  1880  he  was  made  assistant  in  the  testing 
department  of  the  Chicago,  Burlington  &  Quincy  Railroad  and  the  following  year 
became  engineer  of  tests  in  chsurge  of  the  ph^'sical  laboratory  of  that  company. 
In  1886  he  became  connected  with  the  Long  Island  Railroad  Co.  as  superintendent 
of  equipment. 

Mr.  Wallis  became  a  member  of  the  Society  in  1886.  He  died  on  March  3, 
1918. 

GEORGE  E.   WHITEHEAD 

George  E.  Whitehead  was  born  on  September  6, 1846,  at  Ashton-under-Lyne, 
Lancashire,  England.  He  was  brought  to  this  country  when  but  a  child  and  was 
educated  in  the  pul)lic  scIkkjIs  of  Pnividenre,  later  taking  a  special  course  in 
mathematics  at  the  Jcnks  Morov  ScIkmjI  of  that  citv. 

During  the  ])<»ri<)d  of  the  Civil  War  Mr.  Whit<^head  was  employed  by  the 
Burii?<ide  Bifl(»  Works  Co.,  leaving  at  the  close  of  the  war  to  serve  his  apprentice^ 
ship  as  mechanic  witli  the  Brown  <fc  Sharpe  Manufacturing  Co.,  Providence,  R.  I., 
at  the  Kimo  time  completing  his  stu«li<»s  in  algebra,  geometr>'  and  trigononietr>\ 
He  was  next  employed  by  tiie  Hous(>liold  Sewing  Machine  Co.  as  tool  maker  and 
<lie  cutter.  In  1S71  he  became  associated  with  the  KhcMle  Island  T«x>l  Co.,  as 
assistant  suiH'rintendent  an<l  later  !>ecaine  su]MTintendent.  8er\ing  in  that  capacity 
for  tliirtVHjiie  vears. 

Mr.  Wliiteliead  bi»caiiH'  a   rneniiu'r  (»f  the  S(«'iety  in  1887.     He  die«l  on 

March  1,  nns. 

<  MAKLKS    SMITH    WHITNKY 

( liarles  S.  Wliitiu«y  was  h*m\  <in  August  2"),  ISSI,  in  North  Attleburo,  MaM. 
He  rt'('t>ivcil  his  e.iriy  education  in  the  public  schools  <if  Boston.  His  technical 
e«  I  Meat  ion  \ir  nbtaiiie<i  throudi  many  years  of  intensive  study  by  oorresponcienoe 

and  tlirnuuh  lectures. 
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He  served  an  apprentibeship  of  two  yean  with  the  Holtier-Cabot  Eleetrieal 
Ck>.,  Brookline,  Mass.i  as  electrical  machiiust  and  draftsman.  In  189d  he  beeame 
assistant  to  the  mechanical  superintendent  of  the  MaasadwiaettB  Qenenl  Hd^Kftal, 
Boston.  His  next  position  was  as  oonstnietioii  foraman  with  the  Ekktroii  ManiH 
facturing  Co.  In  1903  he  became  associated  with  the  General  Aoddent,  Fire  and 
Life  Insurance  Corporation  as  elevator  inipector,  and  two  yeara  later  became 
senior  inspector.  In  1912  he  was  appointed  ODigineer  in  charge  of  inqiectioii  woik 
and  in  1914  became  chief  engineer  in  complete  charge  of  aU  engineering  icork  for 
the  corporation.  The  following  year  he  was  made  exeeutive  superintendent  and 
at  the  time  of  his  death,  on  Octdi>er  31, 1918,  was  holding  this  position* 

Mr.  Whitney  became  an  associate-member  of  the  Sodety  in  1916. 

WALTER  MARANTBTTB  WILHBUC  *  ' 

Capt.  Walter  M.  Wilhelm  was  bom  in  Defiance,  Ohio,  on  November  13, 1884, 
He  was  graduated  from  the  United  States  Military  Academy  at  West  Pdnt» 
N.  Y.,  in  Jime  1906,  and  from  the  School  of  Ordnance  Engineering,* Sandy  Hook 
Proving  Ground  in  July  1909.  In  August  of  that  year  he  became  assistant  and 
general  superintendent  at  the  Watervliet  Arsenal,  Watervliet,  N.  Y.,  the  eom- 
manding  officer  being  Col.  W.  W.  Gibson.  He  was  in  charge  of  the  opaation  of 
construction  of  field  and  coast  guns,  specialising  in  the  subject  of  rriining  the 
lattec  t^-pe.  He  was  also  responsible  for  the  installation  of  the  Taylor  system 
of  manufacture  at  the  Watervliet  Arsenal.  In  1913  he  was  transferred  to  IVank- 
ford  Arsenal,  Bridesburg,  Philadelphia,  where  he  was  assistant  to  the  officer  in 
charge  of  the  optical  department  dealing  with  the  manufacture  and  design  of  sei^ 
coast  instruments.  Later  he  became  assistant  to  the  officer  in  charge  and  then 
himself  officer  jn  charge  of  the  artillery  department  at  Frankford,  where  his  duties 
gave  him  cliarge  of  the  manufacture  and  design  of  shrapnel,  shell,  time  and  de- 
tonating fuses,  hand  grenades,  rifle-grenades,  et<;.,  used  in  the  Army  and  Navy. 
In  November  1915  he  resigned  from  the  Army  to  become  vice-president  and 
general  manager  of  the  Eddystone  Ammunition  Corporation,  Eddystone,  Pa., 
where  he  had  full  charge  of  the  manufacture  of  2,500,000  complete  rounds  of 
RiL^sian  shrapnel.  He  was  holding  this  position  at  the  time  of  his  death,  October 
3,  1918. 

Captain  Wilhelm  became  a  member  of  the  Society  in  1916. 
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